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ABSTRACT OF THESIS 
Some historical aspects of the oxidation reactions of 1,1-disub-
stituted hydrazines are reviewed. 	In particular, the evidence for 
the proposed intermediacy of diazenes in these reactions is outlined 
and the nature of the oxidation products is considered in the broader 
context of diazene-generating reactions. 
The synthesis of l-alkyl-l-phenylhydrazines has been examined 
and several preparative procedures are discussed. The alkylation 
of the sodium salt of phenyihydrazine with the appropriate alkyl 
halides was found to be the most successful method; the hydrazines 
prepared in this way all had substituents of the allylic type. 
Purification (to remove residual phenyihydrazine) can be achieved by 
selective recrystallisation of the hydrochloride derivative from 
benzene. Some limitations of this general method are described. 
The oxidation studies were carried out using lead tetra-acetate 
and mercuric oxide. 	The oxidative rearrangement of l-allyl--l--phenyl- 
hydrazine to 1-phenylazoprop-2-ene was confirmed, and by regarding 
this as the model system, formation of particular species from the other 
hydrazines was envisaged. The outcome of each oxidation study is 
discussed in detail. 
The oxidation of 1-(pent-3-en-2-yl)-l-phenylhydrazine was studied 
in the context of a proposed method of examining the base-catalysed 
rearrangement of an optically active azo-compound (formed in the 
oxidative rearrangement of the optically active hydrazine). 
Preliminary studies on the racemic hydrazine indicate that the azo-
compound is obtained in the form of two geometrical isomers. 
The synthesis of 1-phenylazoprop-2-ene by an unambiguous route 
is described; the method should have wider potential. 
A proposed method of determining the electronic character of 
the diazene involved in the oxidative rearrangement of allylic 
hydrazines, and difficulties encountered in its application are 
described. 
The attempted interception of the intermediate diazenes by 
dimethyl suiphoxide and dimethyl sulphide is described. 
Oxidation of the hydrazines with cupric chloride was found 
to give copper-containing solids whose exact composition could 
not be determined. 
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The oxidation of 1-alkyl-l--phenylhydrazines was first studied 
towards the end of the nineteenth century. In 1878 Fischer reported 
the preparation of phenyihydrazine and several of its derivatives. 1 
In that same paper, he described the oxidation of 1-rnethyl-1-phenyl- 
hydrazine and 1,1-diphenyihydrazine with yellow mercuric oxide to give 
products which he suggested were 1, 4-dimethyl-1, 4-diphenyltetraz-2-ene 
and 1,1,4,4-tetraphenyltetraz--2-ene respectively (Scheme 1). 	Later 
work by Fischer and Troschke 2and by Renouf 3 confirmed that tetrasubstituted 
tetraz-2-enes were formed when such hydrazines were oxidised with mercuric 
oxide. 	In the light of these results, tetrazene formation came to be 
regarded as the 'normal' reaction pathway in the mercuric oxide oxidation 
of 1,1-disubstituted hydrazines. However,it soon became apparent that 
this was not the only possible pathway. 
In 1893 Michaelis and Luxernburg 4 found that the oxidation of 1-allyl-1-
pheny1hydrazine and 1-allyl-1-7tolylhydrazine with yellow mercuric oxide 
gave azo-compounds and not the expected tetrazenes. They suggested that 
the azo-compounds were formed by the rearrangement of an intermediate species 
(1) having a nitrogen atom bound only to another nitrogen atom (Scheme 2) 
The same reaction had, in fact, been carried out unwittingly by Fischer 
and Knoevenagel 5 some years before. 
A further anomalous oxidation pathway in the oxidation of 1,1-disub-
stituted hydrazines was discovered by Busch and Weiss 6 in 1900. These 
authors observed that mercuric oxide oxidation of 1,1-dibenzylhydrazine 
gave bibenzyl with concomitant evolution of nitrogen (Scheme 3). The 
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Another anomalous oxidation was reported by Busch and Lang  in 
1936; they found that the oxidation of l-benzyl-l-phenylhydrazines, 
with substituents in either or both aromatic rings, using mercuric oxides 
gave aryihydrazones. or mixtures of aryihydrazones and the expected tetra-
zenes. (Scheme 4). 
Since that time the oxidation of 1,1-disubstituted hydrazines has 
been extensively studiedandà widevariety of oxidising agents has been 
used.. The most frequently used oxidant is probably mercuric oxide, 
possibly because of the mildness of the conditions involved and the 
ease of recovery of the oxidation product.More recently, lead tetra-acetate 
has become a widely used oxidising agent. Several authors have carried 
out the oxidation using halogens or alkali metal halates in acidic aqueous 
solutions. Among the less common oxidising agents used are activated 
manganese dioxide, nickel dioxide, selenium dioxide, potassium permanganate, 
N-bromosuccinimide, chlorine, quinone, t-butyl hypochiorite, per-acids and thE 
diethyl ester of azodicarboxylic acid. As a result of this extensive 
examination, it became apparent that both the 'normal' and the 'anomalous' 
oxidation pathways unearthed by the early workers (vide supra), were 
characteristic of the oxidation of 1, 1-di substituted hydrazines as a class, 
and that the same results could be achieved using oxidising agents other 
than mercuric oxide. 
Until the 1950's, the anomalous oxidations remained relatively 
unexplored, and little was known of their mechanisms. Although Michaelis 
and Luxemburg4 had proposed an intermediate species (1) to explain the 
formation of azo-compounds, and Busch and Lang  and Kenner and Knight  
had postulated the essentially analogous species (2) to account for the 























was available to support their existence. In the latter half of the 
decade, detailed examinations of both existing known reactions, and some 
new reactions broadly in the field of hydrazine chemistry, supplied a 
considerable body of evidence in support of the intermediacy of 1,1-
diazenes in these reactions. 	The similarity of the 1,1 -diazene (3) 
to the originally proposed intermediates, (i) and C21, is obvious. 
The most fundamental evidence came from the work of McBride and 
his co-workers 
9,10 
 and carpino) 	McBride and Kruse9 prepared solutions 
of 1,1-dialkyldiazenium salts from the oxidation of 1,1-dialkyihydrazines 
by halogens and by alkali metal halates in strongly acidic media (Scheme 5); 
they were able to show that two equivalents of oxidant were consumed. 
Treatment of these solutions with stannous chloride reduced the dialkyl-
diazenium ions quantitatively to the starting hydrazines, while careful 
neutralisation of the solutions at low temperature, by the addition of 
aqueous sodium hydroxide solution gave nearly theoretical yields of the 
tetra-alkyltetrazenes. The tetrazenes were shown not to be present in 
protonated form prior to neutralisation by the absence of the character-
istic ultraviolet absorption of tetrazenium salts and by the observation 
that the latter salts were resistant to reduction by stannous chloride; 
an ultraviolet absorption characteristic of the diazenium salts was 
observed. McBride and.Bens 1° also found that mixtures with a statistical 
distribution of all possible tetrazenes resulted from the neutralisation 
of solutions containing a number of different diazeniuju ions. 
Related to the work of McBride and Kxuse9 was the study of the 
electrochemical oxidation of 1,1-dimethyihydrazine and 1,1-diphenyl- 
12 
hydrazine in acid solutions, by King and Bard and by Cauquis and Genies 13,14  
respectively. This study confirmed the formation of relatively stable 
-4-. 
species by a two-electron oxidation, the presence of these species being 
demonstrated by coulometrY, chronopotentiOmetrY and ultraviolet spectros-
àopy. It was also found 13 that the original hydrazineS could be 
recovered in up to 95% yield, by electrochemical reduction. 
11 Carpino studied the alkaline decomposition of l,l-disubstitUted 
2renesulphOflYlhYdrazine 5  his aim was to obtain evidence to support the 
existence of the species (2) - essentially a 1,1-diazene - by a method 
15 directly analogous to the procedure used by Bamford and Stevens for the 
preparation of diazo-compounds from tosyihydrazoneS (a-elimination from an 
anion). 	He found that the' alkaline degradation of 1,1_dibenzyl-2-beflZefle 
sulphonylhydraZifles gave bibenzyl. in 85% yield and he postulated the 
mechanism shown, in Scheme 6. This suggested that the same intermediate 
was involved in both the Carpino reaction and the Busch-Weiss reaction. 6 
The same rationale, of similar reaction products implying the 
intermediacy of the same species, the 1,1-diazene, subsequently provided 
a rallying point for a number of not obviously related reactions. 
In 1957, Overberger and his co-workers16 discovered that the 
reduction of N_nitrosodibenzYlamifle and its derivatives and analogues 
with sodium dithionIte in alkaline medium gave, not the corresponding 
1, 1-disubstitUted hydrazines, but hydrocarbons of the dibenzyl series. 
The products were found to be the same as the products of the oxidation 
of the corresponding hydrazines and the intermediacy of the diazene was 
proposed. This anomalous reaction, the OvethergerLOmbardiflc reaction, 
has been observed to occur for a variety of N-nitrosamifleS other than 
N_nitrosodibeflZYlamifle 16-20 
Lemal and his co-workers 21,22 studied the reaction of a number of 
23 secondary amines with Angeli's salt, Na 2N2O 3 . He obtained bibenzyl 
-5- 
from dibenzylaxnine; other amino-compounds also gave products identical 
to the products of the reactions of the corresponding diazenes and the 
intermediacy of the 1,1-diazene was invoked. 
Bumgardner and his co-workers 24 examined the reaction of primary and 
secondary amines with difluoramine using an excess of the amine; 
dibenzylamine gave bibenzyl and azetidine gave cyclopropane. The reaction 
of N-nitroso-azetidine with sodium dithionite (the Overberger-Lombardino 
reaction, vide supra) was studied, and shown to give cyclopropane. This 
latter finding, together with the earlier reports of bibenzyl formation in 
the various reactions supposed to generate 1.1-dibenzyl diazene 1 led these 
workers to propose the intermediacy of the diazene. 
The parallellism in the nature of the products of these several reactions 
led to the formulation of the 1,1-diazerie as the mechanistic common denom-
inator. 	However, more direct evidence for the intermediacy of 1,1-diazenes, 
in the oxidation of 1,1-disubstituted hydraziries at least, comes from the 
fact that certain 1,1-diazenes have been intercepted and isolated in the 
form of various adducts. The first reported trapping was by Atkinson and 
Rees 
25 
 in 1967. They oxidised 3-aminobenzoxazolinone with lead tetra-acetate 
in the presence of olefins and dienes and isolated the amino-airidine adducts 
in good yield. Since that time a large amount of data has accumulated on the 
stereospecific addition of 1,1-diazenes across carbon-carbon double bonds. 26-3(  
The addition of 1,1-diazenes to NIN and CC 32 has been reported. To date, 
only diazenes substituted with electron-withdrawing groups (usually N-amido-
and N-imido-diazenes and similar species) have been trapped and the 
addition of other types of diazenes, such as 1,1-dialkyldiazenes, across 
multiple bonds has not been observed. 	Diazenes of similar type to those 
shown to add across multiple bonds, have been trapped by sulphoxides and 















-6- 	 - 
of these suiphoximides regenerates the diazene, and provides , a convenient 
method for studying the reactions of these particular diazenes 33 . Jones28 
has described the regeneration of phthalimidodiazene by the thermally 
induced dissociation of the aziridine adduct obtained from the reaction 
of phthalimidodiazene with 2-acetylbenzofuran. 
35 
More recently, Boehm .et_a1 reported the isolation of a copper 
complex of 1,1-dimethyldiazene by cupric chloride oxidation of 1,1-dimethyl-
hydrazine in acidic solution. 
1,1-Diazenium cations, the conjugate acids of the 1,1-diazenes, have 
also been found toattack unsaturated systems. Since the original report 
by McBride and his co-workers 
36 
 in 1957 who obtained good yields of tetra-
hydropyridazinium salts from the reaction of dime thyldiazenium bromide with 
butadiene, many reports of similar addition reactions have appeared. 
The considerable number of reactions for which the intermediacy of 
1,1-diazenes has been proposed, can be divided into two general categories. 
The first consists of reactions involving 1,1-disubstituted hydrazines and 
their derivatives (pre-formed or formed in the course of the reaction) with 
a-elimination (formally at least), according to Scheme 7. 	This group 
includes the oxidation of 1,1-disubstituted hydrazines by various oxidising 
agents, the alkaline cleavage of the hydrazides of suiphonic acids, the 
thermal decomposition of their N-sodium derivatives (XY = NaSO 2R"), the 
incomplete reduction of N-nitrosamines in alkaline medium (X = OH, Y = H, 
in the intermediate, the ozonolysis of hydrazones (X,Y = ____ of the 
hydrazone) and possibly the reaction of secondary amines with difluoramine 




The second, and smaller category consists of reactions involving 
the decomposition of various ylide-type derivatives of hydrazine according 
to Scheme 8. This group includes the thermal and photolytic decomposition 
of sulphoximides 33 (Z = dimethyl or diphenylsuiphoxide) and the decomposition 
of N-azides 38 (Z = NEN). 
Thus, the oxidation of 1,1-disu.bstituted hydrazines is nowadays consider ,  
in the wider context of the reactions of 1,1-diazenes. Much information 
obtained from studies of reactions held to proceed via the intermediacy 
of 1,1-diazenes (vide supra), has been pooled to develop the present view 
of the nature and reactivity of 1,1-diazenes. This systematisation of 
ideas enables predictions, analogies and generalisations to be made in 
the organic chemistry of hydrazines. However, while the intermediacy 
of 1,1-diazenes in the various reactions .cited above is generally agreed, 
the mechanism and nature of reaction of the intermediate under the different 
conditions involved, may not be exactly the same. 
The picture which has evolved of the 1,1-diazene is that of a species 
more stable, and with a longer lifetime than C-nitrenes or carbenes, and 
having considerable nucleophilic character. The stabilisation and 
increased lifetime was attributed to mesomerism (Scheme 9) . The results 
of theoretical calculations of the structures of a number of simple 
1,1-diazenes 39 showed that dihydrodiazene had a planar configuration with 
N-N bond length of 1.25 R, and that the terminal nitrogen atom carried an 
appreciable negative charge (-0.217). 	The presence of alkyl substituents 
was shown to increase the negative charge; diazenes in which conjugation 
was possible between the central nitrogen atom and the substituents 
(e.g. 1-hydro-l-pheriyldiazene) showed a small decrease in the negative 
charge on the terminal nitrogen atom (-0.204, in this example). The 
-8- 
calculations also showed that the it-bond order of the bond between the 
nitrogen atoms of these simple diazenes, was in the range 0.81-0.84. 
Thus, these calculations support the postulated mesomerism, and the 
view that it is the important contribution of the dipolar structure (4b) 
which confers nucleophilic character on these diazenes. It is this 
important characteristic feature which distinguishes them from C-nitrenes 
and typical carbenes. The dipolar form of the diazene (4b) may be 
considered as an ylide (5) and indeed much has been made of this (vide 
infra). 	Similarly, the formal relationship of diazenes to their 
symmetrically substituted counterparts, azo compounds (6) is noteworthy; 
the possibility of decomposition with formation of molecular nitrogen is 
realised in both cases. 	The azomethinimine tautomer of the diazene (7) 
does play a significant role in diazene chemistry principally through its 
dimerisation in a head-to-tail fashion, but these species are not widely 
invoked, particularly not in the oxidation reactions of 1,1-disubstituted 
hydrazines. 
The structure of a given diazene and the reaction conditions to which 
it is subjected, have a great influence over the fate of that diazene, 
with the result that it may pursue a variety of characteristic reaction 
pathways. The reactions of 1,1-diazenes can be classified into three 
categories: decomposition, isomerisation and addition. 	Examples of 
the first category are the Busch-Weiss, Carpino, and Overberger-Lombardino 
reactions in which the diazenes decompose to give hydrocarbons and nitrogen 
(all analogues of Scheme 3). 	Examples of diazene isomerisation are the 
diazene-hydrazone rearrangement (Scheme 4) and theal1y1ic diazene 
rearrangement which gives azo-compounds (Scheme 2). The third category, 
addition, includes tetrazene formation (Scheme 1) and the addition across 
multiple bonds. 
KII N—N H2 HgO q N—N 
Ph 
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The direction of reaction of any particular diazene is a complex 
function of many factors, some to do with the inherent nature of the 
diazene, others to -do with the reaction conditions and possibly the 
reaction medium. 
Michaelis and Luxemburg4 reported that while oxidation of l-allyl-l-
phenyihydrazine with mercuric oxide gave 1-phenylazoprop-2-ene .as the 
sole product, oxidation of the same hydrazine with ferric chloride gave 
1,4-di-allyI-1,4-diphenylteraz-2-ene as the only product. This is an 
example of the same diazene giving two very different products under 
broadly comparable conditions. 
Perhaps less surprising is the formation of different products from 
the same diazene under widely different conditions. An illustrative 
example is provided by the work of Rees' group. 33 They prepared a 
series of suiphoximides derived from N-amino-lactams and found that 
diazenes regenerated photochemically could be intercepted by cyclohexene, 
but the same diazenes, regenerated by thermal decomposition extruded 
nitrogen and gave the products of ring contraction. 
An example of a particular diazene giving a different ratio of 
products as a result of minor and rather subtle differences in the 
experimental method and conditions, is afforded by the work of Overberger 
and Herin. 4° 	The scope of reaction open to a given diazene will depend 
on its lifetime and this lifetime can vary over a wide range, particularly 
under heterogeneous reaction conditions. Overberger and Harm 40 
examined two modifications of the oxidation of 1-amino-2-phenylpiperidine 
with mercuric oxide (Scheme 10). They found that rapid addition of the 
hydrazine to the oxidising agent (path B) gave principally the tetrazene; 
slow addition of the hydrazine (path A) gave the products of decomposition 
of the diazene and no tetrazene. They suggested that in the case of 
rapid addition, the diazene formed reacted with a molecule of unoxidised 
hydrazine before it could decompose (tetrazene formation), while in the 
- 	-10- 
case of slow addition, the probability of bimolecular reaction was low, 
enabling decomposition to proceed almost to completion. 
Carpino and his collaborators41 reported the isolation of dibenzyl-
mercury in 46.5% yield from the mercuric oxide oxidation of 1-n--butyl-l-
benzy1hydrazine in methylene. chloride solution. However, this does not 
appear to be a common reaction pathway. 
The reaction mechanisms of the three primary reaction pathways of 
1,1-diazenes, tetrazene formation, decomposition with extrusion of 
nitrogen and rearrangement, have been widely examined. Although the 
mechanistic possibilities are many, several useful generalisations have 
emerged. 
The mechanism of tetrazene formation, the 'normal' pathway, is a matter 
of debate, and while two mechanisms are widely proposed, by no means all 
authors offer a mechanistic scheme for the observed formation of tetrazenes. 
The two proposed routes to tetrazenes are a) by dimerisation of the diazenes, 
and b) by the bimolecular reaction of the diazene with its precursor. The 
latter is thought to be more probable as it involves the reaction of a 
short-lived species with a long-lived species, rather than the reaction of 
two short-lived species. McBride9 originally suggested that tetrazene 
formation by the neutralisation of 1,1-dialkyl-diazenium salt solutions 
involved dimerisation of the corresponding diazenes but subsequently 
proposed a mechanism involving' the coupling of the diazene with the 
diazenium ion. 
10 
 Lemal42 suggested that head-to-head coupling of 
diazenes accounts for the formation of tetrazenes in the thermal 
decomposition of 1,1-dialkyl-2-sulphonylhydrazine salts in aprotic 
media. 	Forgione and his co-workers 43 suggested that the stereospecific 
formation of the cis-tetrazene in the oxidation of 3-amino--2-oxazolidinone 
by mercuric oxide, is due to the dimerisation of the corresponding 1,1-
diazenes, adjacently co-ordinated to the oxidant. 	Diazene dimerisation 
N R \ + 	 NH2 
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H\ _ /R 
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has also been proposed by Koch and Fahr 31 to account for the formation of 
tetrazenes in the oxidation of 1,1-disubstituted hydrazines with diethyl 
hydrazodicarboxylate. The alternative route, not involving dimerisation 
of 1,1-diazenes, was favoured by Overberger and Herin 4° to explain the 
results of the oxidations of 1-amino-2-phenyl-piperidine with mercuric 
oxide (vide supra, Scheme 10). They proposed the intermediacy of the 
corresponding tetrazane as shown in Scheme 11. The same intermediate 
h 	 • species has been postulated by Hoesc  and Dreiding, 44,45 and by Rees 
group" 
46 
 in the lead tetra-acetate oxidation of N-amino-lactams. 
46 
Indeed Rees and co-workers were able to isolate and characterise the 
tetrazne (8). Lemal and his co-  workers, 47 studying the thermal decompo-
sition of certain 1,1-disubstituted 2-arenesuiphonyihydrazine salts in 
ether solvents, suggested that tetrazene formation might occur by the 
attack of the diazene on its precursor. 
The tetrazenes may be unstable under the conditions of the reaction, 
but their formation can often be inferred from the nature of the product 
or products. 47 Furthermore, tetrazene formation does not exclude the 
possibility of diazene decomposition and rearrangement occurring con-
comitantly and such product mixtures have been observed. 7,40  
The decomposition of diazenes has been extensively studied and has 
been observed to occur for diazenes prepared in a wide variety of ways. 
The fragmentation with extrusion of nitrogen and formation of hydrocarbons 
was originally observed by Busch and Weiss 6 in the mercuric oxide oxidation 
of 1,1-dibenzylhydrazine. This particular example has since been found 
to be common to nearly all analogous diazene-generáting reactions; 
indeed the formation of bibenzyl has often been taken as diagnostic of 
diazene intermediacy in those reactions not apparently related to the 
oxidation of 1,1-dibenzylhydrazine. Many parallel examples were reported, 
CnH2n_.l\ 	
[0] 
/NNH2 -' 	 + CH 22 + N. 
CnH2n-1 
- 	 Scheme 12 (Cf. Scheme 10) 




















involving diazenes with substituénts analogous to the benzyl radical 
(e.g. substituents with cL-cyano and c-aryl groups) and the decomposition 
came to be regarded as a substituent-assisted fragmentation. However, 
in 1963 Lemal and co-workers 47 reported the first example of decomposition 
of a diazene with substituents of a non-benzylic type (i.e. substituents 
unable to stabilise charge or radical character in the transition state). 
Many examples of this last type have since been cited. Although the 
reaction has not been widely used as a means of generating carbon-carbon 
bonds, it does have synthetic potential. The reaction has been used in 
the preparation of certain strained systems such as benzocyclobutenes from 
the decomposition of 1,3-dihydroisoindollnodiazen 48 ' 49 The decomposition 
the diazene derived from l-amino-benzotriazole to give benzyne has been 
developed by Rees and his co-workers. 50 
The formation of unsaturated compounds, the products of disproportion-
ation of the diazene substituent residues, was first reported by Overberger 
and his co-workers 51 ' 52 , and since that time many more reports have appeared 
(Scheme 12). The results of the many studies of the decomposition of 
1,1-diazenes related to 1,1-dibenzyldjazerie (vide supra) suggest that 
decomposition with combination of the residues requires that both, or 
at least one, of the substituents be capable of stabilising the inter-
mediate. 	It has also been suggested 53 that in order to obtain a high 
yield of coupling products (hydrocarbons), the substituents should be of 
small bulk, otherwise the products of disproportionatjon (alkenes) are 
formed preferentially. The effect of experimental procedure on the 
nature of the product from the oxidation of 1-amino-2-phenylpjperjdjne 
with mercuric oxide 40  has already been described (Scheme 10). 
The mechanism of diazene decomposition is a matter for debate, and in 
many cases, the course of the reaction can be interpreted in terms of 
-13- 
either a' radical or a concerted process. In the case of the diazenes 
-  
with substituents of the benzyl-type (vide supra), Lemal 
54
suggests that 
a radical mechanism is consistent with all the available evidence. 
However, the presenters of that evidence, are often divided between the 
two possibilities. To explain the absence of cross-over products in the 
decomposition of unsymmetrical diazenes derived from. the corresponding 
N-nitrosamines, Overberger 55 has suggested that the radicals are not free, 
but are trapped in a solvent cage. 
The formal similarity of diazenes (Scheme 9) to azo-compounds (6) has 
already been alluded to. It is not surprising therefore that the analogy 
has been pursued to the formation of hydrocarbons by decomposition of both 
these species. Parallelism in the isomeric composition of the products 
of the decomposition of certain diazenes and' the corresponding azo compounds, 
has been taken as indicative of the operation of the same mechanism in each 
17,55 
case 	; the radical mechanism of the decomposition of azo-compounds was 
established by the work of Overberger and Anselme. 57 
011is et al 	noted the formal similarity between the decomposition 
of dthenzyldiazene to give bibenzyl' and the Stevens rearrangement of 
ammonium ylides (Scheme 13); he interpreted the experimental evidence 
on the decomposition of 1,1-dibenzyldiazene as indicating a radical 
mechanism in accord with the known homolytic pathway of the Stevens 
rearrangement. 
Support for a concerted decomposition pathway comes from the work of 
Lemal47 who observed that decomposition of tetramethylene diazene gave 
nitrogen and ethylene, with no cyclobutane being detected. The 
decomposition of the diazene derived from cis- and trans-2,5-dimethyl- 
3- pyrol.rine was shown by Lemal 22 to give the diene products predicted by 
-14- 
the Woodward-Hoffmann1rules 59 for concerted processes. The decomposition 
of the diazenes derived from'cis- and'trans-2-amino-1,3--dihydro-1-3 
diphenylisoindoles to give 1,2-diphenylbenzocyclobutenes has also been 
60 	 59 shown to obey the Woodward-Hoffmani rules for concerted processes. 
This mode of decomposition is generally observed when it is energetically 
more favourable than the alternative radical process. A common. feature 
of the concerted processes of decomposition of diazenes is the formation 
of a primary product with greater conjugation then the parent system. 
The formation of hydrocarbons by a secondary process can occur in 
the rearrangement of allylic diazenes (vide infra) . The recovery of 
hydrocarbons rather than the expected azo-compounds may be interpreted 
in terms of decomposition of the diazene with extrusion of nitrogen, or 
61 in terms of decomposition of the azo-product. 58, 	In the same field, 
Baldwin et a1
61' 
 have suggested that the formation of small amounts of 
hydrocarbons in the oxidation of certain allylic hydrazines with metal 
oxides and lead tetra-acetate, was due to some secondary process involving 
the oxidising agent. 
The rearrangement of diazenes to hydrazones, the diazene-hydrazone 
rearrangement, originally observed in the oxidation of 1-aryl-l-benzyl-
hydrazines 7 with mercuric oxide, was found by Carter and Stevens 62 
to occur in the base ctalysed decomposition of 1-aryl-l-benzyl-2-sulphonyl-
hydrazines. The rearrangement has been widely studied and examples have 
been found of aryl, alkyl- and dialkyldiazenes undergoing this rearrange-
ment. Carter and Stevens 
62 
 showed that the rearrangement was an intra- 
63 
molecular process. Lemal and co-workers showed that neither the 
corresponding azo-compound, nor the diaziridine were intermediates; 
they tentatively suggested that the rearrangement could be explained in 
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puzzle was further complicated by the results of tJrry and Ikoku 64 who 
found that propionaldehyde dipropyihydrazone, as well as propionaldehyde 
propyihydrazone itself, was a significant product from reactions generating 
1,1-dipropyldiazene. Lemal and Underbrink 
65
also found that acetaldehyde 
diethyihydrazone was a major by-product from the rearrangement of 
diethyldiazene produced by the thermal decomposition of the sodium salt 
of 1,1-diethyl-2-benzenesulphonylhydrazjne in protic media; tetrazenes 
were obtained when the reaction was carried out in aprotic media. Koga 
and Anselme, 38 studying the reaction of 1,1-dibenzylhydrazine anions (i.e. 
in strongly basic medium) with tosyl azide which they suggested generated 
dibenzyldiazene (cf. Scheme 8), isolated significant quantities of 
benzaldehyde dibenzylhydrazone. They also showed, by re-examining the 
literature, that benzaldehyde dibenzylhydrazone had been an unidentified 
by-product of other reactions generating dibenzyldiazene and its 
6,17,52,55,62 analogues. 	 They considered several mechanisms, but suggested 
that the most probable pathway was that involving the azomethinimine 
tautomer of dibenzyl diazene, as shown in Scheme 15. 	However, the 
wider applicability of this mechanism is questionable; the exact 
mechanism of the diazene-hydrazone rearrangement is still a matter for 
conjecture. 
The rearrangement of allylic diazenes to give azo compounds was first 
discovered in 1893 and although formally analogous rearrangements were 
observed in the case of the diazenes derived from 1-amino-oxindole 66 and 
N-amino-2,3,4,5-tetraphenylpyridone 67 by oxidation, no other examples of 
the formation of azo-compounds are known. The rearrangement of allylic 
diazenes has recently been examined by 011is 58 and by Baldwin. 61 
011is 58 compared the rearrangement to that of allylic ammonium ylides 
(Scheme 16) which he had shown 
68 
 to rearrange by a concerted [2,3]-
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hmolytic pathway. However, he found that the allylic diazenes 
produced by the thermal decomposition of the sodium salts of the corres-
ponding N-toluene-p-sulphonylhydraziaes, gave mixtures of hydrocarbons 
and, not the expected azo-compounds. This he interpreted as resulting 
from the homolytic decomposition of the diazenes with extrusion of 
nitrogen and combination of the radicairesidues. Baldwin 	working 
with some of the same diazenes produced by oxidation of the corresponding 
hyd.razines, isolated the expected azo-compounds and only very small 
amounts of hydrocarbons. He proposed that the rearrangement was a 
[23] -sigmatropic process, and explained the discrepancy between his 
findings and those of allis 58 in terms of the instability of the azo-
compounds under the conditions used by 011is et al. He was able to 
support this view in the case of the diazene common to both his study 
and that of 011is, benzyl-l--phenylallyldiazene : he, showed that the 
azo-compound which was isolated in the case of the oxidative rearrangement, 
was thermally unstable and decomposed to give a mixture of hydrocarbons of 
approximately the same composition as that obtained by 011is, and which 
allis proposed arose from the decomposition of the diazene. 
The prediction of the course of a particular reaction thought to 
involve diazene formation, is therefore a prediction of the probable 
reaction pathway of that diazene. This, of necessity, requires that 
many factors be taken into account, few of which can be quantitatively 
appraised. The situation can be further complicated by the operation 
of more than one mechanism and by various secondary processes such as 
decomposition of the initial product or products. 
The aim of the study to be described in this thesis was to examine 
the oxidation of several hydrazines broadly related to 1-allyl-l-phenyl--
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it was hoped to observe diazene rearrangements analogous to (al the 
Sommelet-Hauser rearrangement of benzylic ammonium ylides (Scheme 17), 
(b) the reported rearrangement 
69 
 of the sulphonium ylide obtained by 
the deprotoriation of the sulphonium cation derived by reaction of 
di-3-pheny1prop'72-yn-1-yl thioether with 'triethyloxonium bromide 
(Scheme 18), and (c) the rearrangement observed in the thermal decomposition 
of the sodium salts of a series of -tosy1hydrazones (Scheme 19) 70 
The possibility of achieving asymmetric induction in the allylic diazene 
rearrangement, in a manner analogous to that reported for allylic amine 
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Preparation of 1-Alkyl-l--Phenylhydrazines 
Although the intermediacy of 1,1-diazenes in the several supposedly 
diazene-generating reactions already described (see pages 2 - 5) 
has never been rigorously proved, the body of evidence in support of 
their existence is convincing (see Introduction). Perhaps the least 
ambiguous of these reactions is the mild oxidation of 1,1-disubstituted 
hydrazines in neutral media with oxidising agents such as mercuric oxide, 
lead tetra-acetate and t-butyl hypochiorite: least ambiguous in the 
sense that the basic diazene farmework is already formed in the parent 
hydrazine, and that the possibility of the formation and subsequent 
reaction of discrete ionic species is not envisaged, except perhaps in 
the case of oxidation with lead tetra-acetate. As the-aim of this 
study was to examine the reactions of several diazene systems (see p. 1 6) 
whose formation was to be assumed, it was felt, for the reasons stated 
above, that the preferred method of generating these systems was by the 
mild oxidation of the corresponding 1,1-disubstituted hydrazines, shown 
in Table 1. 
The requirements of a potential method of preparing these hydrazines 
were (a) that it be as direct a method as possible (particularly in those 
cases where the alkylating agent was not readily available), (b) that a 
single pure product be obtained, and (c) that it be generally applicable 
to the preparation of all the required compounds. The first requirement 
(a) suggested that the initial step of any proposed synthesis should 
involve a substrate in which the N-phenyl bond was already formed (N-
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Examination of the literature on the preparation of both 1,1-dialkyl--
and l-alkyl-l-arylhydrazines suggested the possible approaches shown in 
Scheme 21, each of which appeared to meet the requirements (a), (b), and 
(c) to some degree at least. 
Each of these methods has been examined, with the exception of 
N-amination (Path E); this method was, however, subsequently employed 
in a different context (see p. 61 , Experimental p. 156 ). The potential 
73 	 74 of N-aminaton has been demonstrated by Schubert et al • and by Claessen 
who prepared substituted 1-alkyl-1-arylhydrazines and substituted 
phenyihydrazines respectively (the latter in yields of ca. 80%) by the 
action of ciIora rxI- on the corresponding amines. In the preparation 
of 1,1-disubstituted hydrazines generally, several hydroxylamine derivatives 
have been used as aminating agents: hydroxylamine-O-sulphonic acid, 75 
0-mesitoylhydroxylainine, 76 ' 77 and 0-2,4-dinitrophenyihydroxylainine 77,78 
These latter agents are generally reacted with the nitrogen anion of the 
species to be aminated (see Experimental p.156 ). 
Related to the N-aniination route to 1,1-disubstituted hydrazines 
is the reported reaction of ethoxycarbonylnitrene with aniline and 
N-methylaniline to give 1-ethoxycarbonyl-2-phenylhydrazine (52%), and 
1-ethoxycarbonyl-2-methyl-2--phenylhydrazine (49%) respectively 79 
(Scheme 22). 	Hydrolysis and decarboxylation of these hydrazines, in 
a manner analogous to that reported by Al-Sader and Crawford 80 for the 
removal of the ethoxycarbonyl groups from 1,2-di-allyl-1,2-di-ethoxycarbonyl-
hydrazine, might be expected to give the products of formalN- amination of 
aniline and N-methylaniline respectively. However, this extension of the 
basic nitrene insertion reaction does not appear to have been reported, 
and, interestingly, the authors of two comprehensive reviews of hydrazine 
chemistry make no mention of this approach as a means of effecting 
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The results of the examination of each proposed approach (Paths A-D 
in Scheme 21) are now described. 
The Attempted Aikylation of t-Butyl '2-Phenylcarbazate. (Method A) 
This procedure corresponds to path (A) in Scheme 21. Carpino and 
his co-workers 11,41 developed the method of preparing 1,1-dialkyihydrazines 
(both with equivalent, and with mixed suiDstituents) by the successive 
alkylation of t-butyl carbazate. The method is advantageous in that 
alkylation only takes place on the initially unsubstituted nitrogen atom, 
so avoiding the problem of 1,2-dialkylhydrazine formation. The protecting 
group is readily removed by treating a solution of the alkylation product 
in nitromethane with a stream of hydrogen chloride gas to form the hydro-
chloride of the desired hydrazine; the free base is obtained by treating 
this hydrochloride with base. 
The possibility of adapting this method to the preparation of 1-alkyl-
1-phenyihydrazines, using t-butyl 2-phenylcarbazate in place of t-butyl 
carbazate therefore seemed attractive (Scheme 23) particularly as the 
preparation of the necessary t-butyl 2-phenylcarbazate had been reported 
by Carpino) 	He had prepared the compound as an illustrative example 
of the applicability of t-butyl azidoformate to the acylation of amino 
compounds, but did not examine it further. 
The alkylation of t-butyl 2-phenylcarbazate was attempted according 
to the procedure of Carpino et al, 41 using allyl bromide and benzyl 
bromide as alkylating agents. An equimolar mixture of the carbazate 
and the alkylating agent in dimethyl formamide was heated in an oil bath 
before adding an equivalent amount of triethylamine. Several different 
reaction conditions were examined but none of the attempted alkylations 
gave the precipitation of triethylamine hydrobromide expected from a 
-21- 
successful alkylation (xperimental pp. 120-123). 
With allyl bromide, stirring the reaction mixture for ca. 6 h at 
25°C gave- a mixture of five products, one of which was shown by n.m.r. 
spectroscopy to be t-butyl 2-phenylcarbazate. The n.m.r. spectrum of 
the product mixture showed the signals of the allyl moiety, but these 
were shown to be due to entrained allyl bromide, and not to the presence 
of the desired alkylation product. 
Two modifications of this method, namely, prolonged heating of the 
reaction mixture at 65-70°C, and heating overnight at 700C in the presence 
of a catalytic amount of the silver salt of trifluoroacetic acid, gave a 
product mixture which was virtually identical to that already described. 
Using benzyl bromide, overnight heating of the reaction mixture under 
reflux gave a red-brown oil whose n.m.r. spectrum showed the almost 
complete disappearance of the singlet signal attributed to the t-butyl 
group, and indicated that the oil was a mixture of products. In the 
light of later work the major part of the n.m.r. spectrum could be 
interpreted in terms of the formation of l-benzyl-l--phenylhydrazine. 
The apparent thermal lability of the protecting group was confirmed by 
the results of a control experiment in which a solution of t-butyl 
2-phenylcarbazate in dimethylformamide was heated under ref lux for 
ca. 20 h; the n.m.r. spectrum of the gum which was recovered showed 
that the aromatic : methyl proton integral ratio had changed from 
5 : 9 to 3 1. The possible mechanisms to account for the loss of 
the protecting group and apparent formation of 1-benzyl-1-phenylhydra-
zine are shown in Scheme 24; as shown, the possibility of successful 
alkylation prior to loss of the protecting group is not ruled out. 
The alkylation of the anion of t-butyl 2-phenylcarbazate (prepared 
by the action of sodium hydride on an equimolar amount of the carbazate, 
-22- 
in hot benzene solution), was also examined. (Experimental p.122); 
using an equivalent amount of allyl bromide as the alkylatIng agent, the 
reaction mixture was heated overnight at 50 °C. The n.m.r. spectrum of 
the product gum suggested that cleavage of the protecting group had 
occurred to a considerable extent. Complete removal of the protecting: 
group gave a liquid which, though very largely l-allyl-l-phenylhydrazine, 
also appeared to contain a small amount of the corresponding 1,2-hydrazine 
(by n.m.r. spectroscopy). 	The overall yield was, however, only 12%. 
The successful alkylation of the sodium salt of t-butyl 2-phenyl-
carbazate, albeit in very poor yield, suggests that the failure to effect 
alkylation of t-buty 2-phenylcarbazate itself is due to its low nucleo-
philicity and not to steric hindrance.. In view of the many reported 
successful alkylations of t-butylcarbazate itself, using halides of 
comparable reactivity, this reduced nucleophilicity probably arises from 
the delocalisation of N-2 lone pair electrons into the aromatic ring 
As has been shown (Scheme 24), the formation of 1-benzyl-l-phenylhcazine 
in the high temperature alkylation of t-butyl 2-phenylcarbazate, may be 
explained essentially in terms of the alkylation of phenylhydrazine with 
benzyl bromide. 
Thus, the anticipated mild, selective, and efficient alkylation of 
t-butyl 2-phenylcarbazate was not achieved and attention was turned to 
the alternative methods of preparing the desired hydrazines. 
The Preparation of N-Nitrosaxnines and Their Attempted Reduction to 
1-Alkyl-1-Phenylhydrazines (Method B). 
This method corresponds to path (B) in Scheme 21, and has been 
widely used in the synthesis of 1,1-disubstituted hydrazines. A wide 
variety of reducing agents has been employed and hydrazines have also 
-23- 
been obtained on a preparative scale by electrochemical reduction. 83 
The N-nitrosaxnines are prepared by -the nitrosation of the corresponding 
secondary amines with nitrous acid. Nitrosation of a crude secondary 
amine, containing primary and tertiary amine as contaminants, gives the 
desired nitrosamine which can be readily recovered by ether extraction of 
the acidic mixture. However, in order to make efficient use of alkylating 
agents which are not readily synthesised, an efficient preparation of 
secondary aromatic amines was required. 
Hickinbottom84 has described the preparation of N-n-propylaniline in 
70% yield by the direct alkylation of aniline with n-propyl bromide. 
He also obtained ca. 6% of the product of dialkylation. Adaptation of 
this method to the preparation of N-cyclopropylcarbinyl aniline by the 
reaction of cyclopropylcarbinyl chloride with excess aniline, gave a 
mixture of the desired amine and the product of dialkylation (ca. 16% 
of the product, by n.m.r. spectroscopy) in ca. 70% yield. 	(Nitrosation 
of this amine mixture by the method of Hickiribottom, 85 gave the desired 
nitrosamine in 67% yield.) 
Fones 86 has described the preparation of pure secondary aromatic 
amines by alkylation of the sodium salt of acetanilide followed by acid 
hydrolysis of the product. 	N-Allylanilirie was prepared using this 
route, but in only 53% overall yield (Experimental p. 124 ). 	This method 
therefore has little advantage over the procedure of direct alkylation of 
aniline except in that the secondary amine product may be completely 
characterised. 
N-Nitroso-N--allylaniline was prepared by the action of nitrous acid 
on N-allylaniline according to the procedure described by Hartman and 
Roll 87 (80% yield); satisfactory spectral data was obtained for material 
prepared in this way. (Experimental p. 125). 
-24- 
The attempted reduction of N-nitrosamines to the corresponding 
hydrazines was examined using N-nitroso--N-allylaniline and N-nitroso-
N-methylaniline (from a commercial source) as model compounds; three 
common reduction procedures were examined, and the products were 
analysed by n.m.r. and infra-red spectroscopy. 
Hanna and Schueler88 described the reduction of several N-nitrosamines 
with lithium aluminium hydride. A modified version of their procedure 
gave a complex mixture of products in the case of the N-allyl compound, and 
a mixture of starting nitrosaxnine (21%), l-methyl-l-phenylhydrazine (58%) 
and N-methylaniline (21%), in the case of the N-methyl compound. Using 
the method of Poirier and Bennington, 
89 
 the essential difference being 
an extended reaction time, N-nitroso-N-allylaniline gave a mixture of 
l-allyl--l-phenylhydrazine (83%) and N-allylaniline (17%). 
Carpino et a1 41 described the preparation of l-allyl-l-benzylhydrazine 
by the reduction of the corresponding nitrosamine with aluminium amalgam. 
The application of this procedure to the reduction of N-nitroso-N-allylani1in 
gave a mixture of the expected hydrazine and N-allylaniline the former 
predominating. 
90 
Hickinbottom has reported the reduction of N-nitroso-N-methylaniline 
with zinc in acetic acid, to give the corresponding hydrazine in 50-56% 
yield after fractional distillation. This work was repeated and was 
shown to give a mixture of the expected hydrazine (57%) and N-methyl-
aniline (43%) . 	That Hickinbottotn also obtained a mixture of this type 
may be inferred from the isolation procedure and the reported yield. 
The reduction of N-nitroso-N-allylaniline by this method gave a similar 
mixture of l-allyl-l-phenylhydrazine and N-allylaniline. 
These experiments showed that each of the reduction procedures which 
were examined gave secondary amines, formally the products of further 
-25-- 
reduction of the hydrazines, as well as the desired hydrazines. 
Carpino and his co-workers 
41 
 reported similar complications in the use 
of the same methods for the preparation of l-allyl-l-benzylhydrazine, 
l-benzyl-l-n--butylhydrazine and l-benzyl-l-t-butylhydxazine. They 
found that the reduction of N-nitroso-N-allylbenzylamine with zinc and 
acetic acid gave a mixture of the hydrazine and the secondary amine in 
approximately equal amount (after fractional distillation) ,that the 
reduction of N-nitroso-N--t-butyl-benzylamine with lithium aluminium 
hydride gave a mixture of products which they could not completely 
Identify, and that the reduction of the last-mentioned nitrosamine with 
aluminium amalgam gave a mixture of the hydrazine (39%) and the secondary 
amine (40%). 	Similarly, Carter and Stevens 62 found that in the preparation 
of hydrazines such as l-benzyl-l-o-tolylhydrazine by the reduction of the 
corresponding N-nitrosamines with zinc and acetic acid, some secondary 
amine was produced as well. 
Thus, while these reductive methods would be expected to give mixtures 
of products from which the desired hydrazines could be isolated by dis-
tillation, in principle at least, the formation of l-alkyl-l-phenyl-
hydrazines by the reduction of the corresponding N-nitrosamines fell 
far short of meeting the originally defined requirements of a useful 
preparative procedure. 
Formation of 1-Alkyl-l-Phenylhydrazines by the Reaction of Phenylhydrazine 
with Alkyl Halides (Method C). 
This method corresponds to path (C) in Scheme 21. The usefulness 
of the direct alkylation of hydrazine as a means of preparing mono-alkyl 
hydrazines is limited by the tendency for further alkylation to occur 
at the substituted nitrogen atom. 	This tendency has its parallel in 
-26- 
the alkylation of phenyihydrazine, and was clearly demonstrated by 
Hinman 91 who showed that the product of the reaction of phenyihydrazine 
with excess methyl iodide was 1,1-dimethyl-1-phenyl--hydrazinium iodide. 
With sufficiently sterically hindered alkylating agents such as triphenyl-
methyl chloride, phenyihydrazine has been shown to alkylte at the unsub-
stituted nitrogen 92 (see p.144 ). Westphal 
93 
 showed that in the alkylation 
of hydrazine with alkylating agents of intermediate size (e.g. allyl, 
propyl and butyl halides) the formation of hydrazinium salts is inhibited 
and 1,1,2-trialkylhydrazines and 1,1,2,2-tetra-alkyihydrazines may be 
formed instead. 
Hinman 
91  has suggested that the tendency for alkylation to occur at 
the substituted nitrogen atom may be due to the ability of alkyl groups to 
stabilise the positive charge which develops in the transition state 
(Scheme 25). 
The first attempted alkylation procedure parallelled the method which 
had been used successfully in the alkylation of aniline with cyclopropyl-
carbinyl chloride (Experimental p. 123). A mixture of cyclopropylcarbinyl 
chloride and two equivalents of phenyihydrazine was heated at 90 0C for 
Ca. 100 h; the alkylation product, a brown liquid was shown by mass 
spectrometry to contain both the monoalkylated and the dialkylated 
products. The extent of dialkylation was crudely estimated to be 
ca. 32% by comparison of the intensities of the peaks at m/e 216 
(dialkylated product) and m/e 162 (monoalkylated product) . 	The n.m.r. 
spectrum of this material indicated the presence of residual phenyl-
hydrazine, and showed two doublet signals (S 3.25 and 2.65 p.p.m. with 
integrals in the ratio of ca. 2:1) which were attributed to the exocyclic 
methylene protons of the cyclopropylcarbinyl moiety. The doublet at 
cS 3.25 p.p.m. was attributed to 1-cyclopropylcarbinyl-1-phenylhydrazine 
(see Experimental p. 126); the doublet at lower frequency was attributed 
-27- 
to 1,2-dicyclopropylcarbinyl-1-ph.enylhydrazine since the mass spectrum 
had indicated that dialkylation had occurred to a considerable degree, and 
since the corresponding doublet signal of 2-cyclopropylcarbinyl-l--phenyl-
hydrazine was known to occur in the same region of the n.xn.r. spectrum 
(cS 2.62 p.p.m.; Experimental p. 164). 	The alkylation product was 
therefore interpreted as being a mixture of phenyihydrazine, with 
1-cyclopropylcarbinyl-l-phenylhydrazine and 1, 2-dicyclopropylcarbinyl-
1-phenyihydrazine in the ratio 2:1. The possible presence of 2-cyclo-
propylcarbinyl-l-phenylhydrazine as well, cannot be ruled out. 
[Westphal 93 showed that the reaction of butyl chloride with hydrazine 
(1.23 equivalents) at 150 0C for 16 h. gave a mixture of mono, 1,1-di-, 
and 1,1,2-tributyihydrazine and the hydrazinium salt (15% of the 
theoretical). 	He estimated the yield of 1,1,2-tributyihydrazine to be 36% 
after fractional distillation.] 
Fischer and Knoevenagel 5 reported the preparation of 2-allyl--1-phenyl-
hydrazine by the reaction of allyl bromide with two equivalents of 
phenylhydrazine in ether solution. They based their assignment of the 
product on the results of its oxidation with yellow mercuric oxide; they 
isolated 1-phenylazoprop-2-ene, the expected product of oxidation of 
2-allyl-1-phenylhydrazine. 	Michaelis and Luxemburg 4 subsequently showed thai 
the oxidation product which Fischer and Knoevenagel had obtained was indeed 
1-phenylazoprop-2-ene, but that it had been formed not from 2-allyl-l-
pheny1hydrazine but by the oxidative rearrangement of 1-allyl-1--phenyl-
hydrazine. 
The alkylation described by Fischer and Knoevenagel 5 was repeated, and 
the product was examined by n.m.r. spectroscopy; two multiplet signals 
attributable to the methylene protons of the allyl group were observed 
(Experimental p.127). 
-28- 
The spectrum was interpreted in terms of the product being a mixture of 
1-allyl-1-phenylhydrazine C78%1 and 2-allyl-l-phenylhydrazine (22%). 
The spectral assignments were confirmed by the subsequent preparation 
and characterisation of authentic samples of each of the isomeric 
hydrazines (Experimental p.131 and p. 160). 
In contrast to the alkylation of phenyihydrazine with cyclopropyl-
carbinyl chloride already described (see p. 26 ), alkylation according to 
the procedure of Fischer and Knoevenagel 5 gave a product in which the 
presence of only a trace amount of dialkylated material was detectable 
by mass spectrometry. 
These experiments showed that in the direct alkylation of phenylhydrazin 
with alkyl hlaides, the problem of dialkylation can be overcome by working 
in ether solution and at ambient temperature. However the competing 
formation of the 1,2-isomeric hydrazine to the degree observed represents 
a serious shortcoming of this method as a means of preparing 1-alkyl--l-
pheny1hydrazines. 	The problems of separating the components of such a 
mixture by distillation, on a small scale, are perhaps exemplified by the 
very close similarity in the reported boiling points of 1,1- and 1,2- 
methyiphenylhydrazine: l06-109 °C/l3 nnu. 94 and 110-112
0 
 C/12-15 mm 95 
respectively. 
The Preparation of 1-Alkyl-1-Phenylhydrazines by the Alkylation of the 
Sodium Salt of Phenythydrazine (Method D). 
This method corresponds to path (D) in Scheme 21, and its use was 
first reported by Michaelis in 1889. 
96 He prepared the sodium salt of 
phenyihydrazine by distilling an excess of pheriylhydrazine with sodium 
under reduced pressure, the sodium salt being left behind as a fairly 
-29- 
pure, reddish-yellow mass. He showed that alkylation of this material 
with ethyl bromide gave 1-ethyl-1-phenylhydrazine. He subsequently 
reported 97 the preparation of 1-allyl-l--phenylhydrazine by the analogous 
procedure; he identified two minor impurities (present in Ca. 8% amount) 
as being phenyihydrazine and 2-allyl-l-phenylhydrazine. 
Titherley98 prepared the sodium-salt by the action of sodainide on 
an equivalent amount of phenyihydrazine and obtained the compound as a 
light, golden-yellow precipitate. He showed that the sodium salt was 
appreciably soluble in benzene and in toluene, and that it could, in fact, 
be recrystallised from these solvents if large volumes were used. The 
solid could be stored under vacuum if kept moist with benzene, but was 
decomposed by exposure to the atmosphere. 
More recently, West and Stewart 
99 have described the preparation of 
l_methyl_l_-trif1uoromethYlPheflYlhYd1azifle by the action of methyl iodide 
on the anion of rn-trifluoromethylphenylhYdraZifle generated by treating the 
hydrazine with n-butyl-lithium. 
In this study, the preparation of the sodium salt of phenyihydrazine 
according to method of Titherley 
99 was found to be very troublesome in 
practice. Furthermore, the product which was recovered from the 
alkylation of the sodium salt prepared in this way, was found by n.m.r. 
spectroscopy to contain a considerable amount of phenylhydrazine. 
The possibility of using sodium hydride (a much more convenient reagent) 
in place of sodamide was examined and with this modification, encouraging 
results were soon obtained (Experimental p. 127 ). 	The products of these 
early alkylation reactions were shown by n.m.r. spectroscopy to be mixtures 
of the desired l-alkyl-l-phenylhydrazines and ca. 30% phenyihydrazine. 
In contrast to the results of Michaelis, 97 no 2-alkyl-l-phenylhydraZirte 
-30- 
was obtained (by n.m.r. spectroscopyl; only trace amounts of dialkylated 
material were detected by mass spectrometry. Unfortunately however, 
the attempted removal of the phenyihydrazine by distillation from the 
relatively small amounts of material involved, was unsuccessful. 
It was found that the presence of phenyihydrazine could be both 
identified and quantified by examining the n.m.r. spectrum of the product 
of reaction of the crude l-alkyl-l-phenylhydrazine with acetone 
(Experimental p.128 ). The method is based on the high reactivity of 
mono- and 1,1-disubstituted hydrazines towards carbonyl compounds, to 
give hydrazones. Aldehydes are known to react with 1,2-disubstituted 
hydrazines as well to give a-hydrazino carbinols which react further, 100 
and so a ketone was used in order to avoid this complication. Acetone was 
chosen because it was known to undergo facile condensation, and because it 
was anticipated that in the n.m.r. spectrum of the product hydrazones, the 
signals of the methyl groups would occur at chemical shifts suitably removed 
from the remainder of the spectrum. The resonances of the syn- and anti-
methyl groups of acetone phenyihydrazone in the n.m.r. spectrum of the 
acetone condensation product mixture, were observed at 6 1.75 and 2.02 p.p.m. 
(The assignments were confirmed by comparison with the n.m.r. spectrum of 
the authentic compound). 	The corresponding signals of the acetone 
N-alkyl-N-phenylhydrazories were observed as two large singlets in the same 
region of the spectrum and the phenyihydrazine content was estimated by 
comparing the ratios of these two pairs of singlets. 	The same reaction 
with acetone is also of value in that it can be used to differentiate 
between the desired l-alkyl-l-phenylhydrazines and the unwanted 2-alkyl-l-
pheny1hydrazines. 
A possible solution to the problem of the removal of residual phenyl-
hydrazine from the product of alkylation of the sodium salt of phenyl-
hydrazine was suggested by the work of Michaelis and Claessen. 97 They 
found that 1-allyl-1-phenylhydrazine could be separated from a mixture 
-31- 
which. they had interpreted as being composed of l-alll'lphenylh.ydrazine 
and 2-al1yl'-l-phenylh.ydrazIne, by- converting the mixture to Its solid 
hydrochloride--.derivative and recrystallising this from benzene; the 
1,1-isomer separated while the 1,2-isomer stayed in solution. Fortuit-
ously, adaptation of this procedure to the hydrochloride mixture derived 
from the products of the several alkylations of the sodium salt of 
phenylhydrazine described here xper1mental p. 1281, gave only the 
1-alkyl--1--phenylhydraz me hydro chlorides phenylhydrazine. hydrochlorIde 
which was found to be insoluble in benzene, was removed by hot filtration 
during the recrystallisation. 
The preparation of the crude hydrochlorides also offered a means of 
identifying the presence of phenylhydrazine in the crude alkylation products: 
comparison of the infra-red spectra of phenyihydrazine hydrochloride, the 
crude hydrochloride and the recrystallised material showed that the 
differences between the spectra of the crude and the recrystallised 
hydrochlorides could be related to the loss of phenyihydrazine hydrochloride 
in the recrystallisation process. From these observations, three infra-red 
absorption bands were found to be diagnostic for the presence of phenyl-
hydrazine hydrochloride in the crude hydrochloride of the alkylation 
product. These bands were v (nujoll 887, 857 and 770 cm-1 although the 
latter was not too useful as that region of the spectrum was generally 
very complex. Although applicable to the particular examples cited here, 
the observation of these bands can, in the general context, only be considered 
as a necessary but not sufficient condition for the presence of phenyl-
hydrazine in the crude alkylation product. The reaction of the alkylation 
product with acetone is probably of greater applicability in identifying 
the presence of residual phenyihydrazine. 
It was subsequently found that by modifying the procedure for the 
preparation of sodium hydride to enable the use of an exact equivalent 
of the pure base in the formation of the sodium salt of phenylhydrazine, 
-32- 
complete conversion to 1-alkyl-1-phenylhydrazine could be achieved in 
most cases, the absence of residual phenylhydrazine being confirmed by 
applying either or both of the tests described. In such cases, the 
desired hydrazines were obtained in 80-90% yield. 
Table 1/lists the l-alkyl-l-phenylhydrazines which were prepared 
by the alkylation of the sodium salt of phenyihydrazine with alkyl halides 
prepared by established methods, the hydrazines were generally stored in 
the form of the more stable hydrochloride derivatives. 
The apparently anomalous results of preliminary experiments on the 
oxidation of l-benzyl-l-phenylhydrazine suggested the desirability of 
preparing analogous hydrazines having complete substitution of the benzylic 
carbon. However, attempts to prepare 1-cumyl-l-phenylhydrazine and 1-
phenyl-l-triphenyl-methylhYdraZifle by the method described, were unsuccess-
ful (Experimental pp. 140-144). 
The reaction of the sodium salt of phenyihydrazine with cumyl chloride 
gave a mixture of ct-methylstyrene (formally the product of elimination of 
hydrogen chloride from cumyl chloride), phenylhydrazine and a product (or 
products) which could not be identified. The alkylation of phenyihydrazine 
with cumyl chloride by the method of Fischer and Knoevenagel (see p.142 
gave ct-methylstyrene and an apparently complex mixture of unidentified 
basic products. The results of a control experiment showed that a 
mixture of phenyihydrazine and c-methy1styrene was unchanged after 
stirring; this suggested that the unidentified products obtained in 
these attempted alkylations were in fact derived in some way from reaction 
of the alkylating agent. The formation of c-methy1styrene in both 
reactions is perhaps not surprising in view of the facile elimination 
pathway open to the chloride as a result of the ability of the phenyl 
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substituent to stabilise the transition state. 
Reaction of the sodium salt of phenyihydrazine with triphenylmethyl 
chloride gave a yellow gum which, on treating with acetone, gave a small 
amount of acetone phenyihydrazone and none of the expected acetone l-phenyl-l-
triphenylmethyihydrazone. 	(The product analysis was done by n.m.r. spectro- 
scopy). The failure to obtain the expected phenyihydrazone in this way 
suggested that, in the absence of the possibility of elimination of 
hydrogen chloride from the aikylating agent, the most probable course of 
reaction was the formation of 1-phenyl-2-triphenylmethylhydrazine. An 
authentic sample of this latter compound was prepared by the direct alkyla-
tion of phenylhydrazine (an example of the influence of steric hindrance 
on the course of the alkylation of phenyihydrazine) according to the 
method of Cohen and Wang 
92 
 comparison of the n.m.r. spectrum of 1-phenyl-
2-triphenylmethyihydrazine with that of the product from the alkylation of 
the sodium salt of phenyihydrazine supported the view that alkylation had 
occurred at the unsubstituted nitrogen. The spectra were not identical, 
however, and indeed the spectrum of the alkylation product showed a weak 
signal at 5 5.6 p.p.m which was not observed for the authentic 1,2-
substituted hydrazine. 
The apparent formation of 1-phenyl-2-triphenylmethylhydrazine in the 
alkylation of the sodium salt of phenyihydrazine may be envisaged as 
occurring by two possible mechanisms, in which the influence of the 
bulkiness of the alkylating agent plays an important part. The first 
possibility is that of direct alkylation followed by the migration of a 
proton to the anionic centre (Scheme 26); although here represented as 
an intramolecular process, intermolecular migration of a proton is also 
conceivable. Edwards and Pearson 
101 
 have suggested that the increased 
nucleophilicity observed when two atoms with unshared electron pairs are 
-34.. 	 - 
adjacent to one another, can be ascribed to the decreased repulsion between 
these electron pairs when one pair is involved in bond formation with the 
electrophilic reagent. Thus, the terminal nitrogen of the sodium salt of 
phenyihydrazine, generally represented as (9), might be expected to exhibit 
increased nucleophilicity compared to its situation in phenyihydrazine. 
Alkylation of the sodium salt of phenylhydrazine with sterically hindered 
alkylating agents might therefore be expected to give the product of 
alkylation at the terminal nitrogen atom rather than that of alkylation 
at the less accessible, though more nucleophilic, anionic centre. The 
possibility of rearrangement of the phenylhydrazo anion (Scheme 27) followed 
by alkylation at the new anionic centre, appears less likely, involving as 
it does, the conversion of a stabilised anion into an unstabilised one. 
The alternative mechanism involves initial alkylation at the anionic 
centre to give the 1,1-disubstituted hydrazine, followed by thermal 
rearrangement to give the less sterically crowded 1,2-disubstituted hydra-
zine. No attempt was made to rigorously establish the nature of the 
actual mechanism involved, although the likelihood of the occurrence 
of the latter mechanism could presumably be examined by performing the 
alkylation at low temperature and examining the initially formed product. 
Carter and Stevens 
62  have shown that 1-diphenylmethyl-l-phenylhydrazine 
can be prepared by alkylation of the sodium salt of phenylhydrazine with 
diphenylmethyl bromide; however, the presence of the third phenyl group 
in the triphenylmethyl moiety may give rise to sufficient steric crowding 
in the analogous hydrazine to cause rearrangement to occur as suggested. 
Equally, steric hindrance may prevent formation of 1-phenyl-1-triphenyl-
methy1hydrazine from occurring at all. 
Interestingly, the hydrochloride of 1-phenyl-2-triphenylmethyl-
hydrazine prepared by treating a solution of the hydrazine in ether at 
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0°C with gaseous hydrogen chloride was found to be unstable under these 
conditions, and decomposed to give phenyihydrazine hydrochloride and 
triphenylmethyl chloride. Likewise, an attempt to prepare the hydro-
chloride of the crude alkylation product at 0 °C gave the same decompo-
sition products. However, the hydrochloride could be isolated when the 
procedure was carried out at a lower temperature (-5 to -10 
0 
 C when only 
ca. 2% decomposition was observed. The decomposition may be interpreted 
in terms of the SN2 type mechanism shown in Scheme 28. An SN1_type 
mechanism is also conceivable in view of the highly stabilised nature 
of the triphenylmethylcarbonium ion which would be formed. 
A similar hydrochloride decomposition was reported by Carter and 
Stevens 
62  to occur in the case of l-diphenylmethyl-l-phenylhydrazine 
hydrochloride. They found that this compound was decomposed by water 
to give diphenylmethanol and phenylhydrazine. They did not give any 
experimental details and in particular, they did not indicate whether 
basification was required to isolate free phenylhydrazine or not; neither 
did they suggest a mechanism for the formation of the observed products. 
A possible mechanism, based on that described in Scheme 28, is shown 
in Scheme 29. 
The hydrochloride of 1-pent-3-en--2-yl-l-phenylhydrazine was also 
found to behave anomalously during its attempted purification by 
recrystallisation from benzene (see p. 172 ). 
In summary, the sodium salt of phenylhydxazine may be conveniently 
and efficiently prepared by the action of sodium hydride on phenyihydrazine. 
The sodium salt can be alkylated readily with alkyl halides to give 1-alkyl-
1-phenylhydrazines in high yield. No competing formation of 1-alkyl-2-
pheny1hydrazines is observed as a rule, and the desired hydrazines are 
often obtained pure. Two methods have been established to enable the 
-36- 
presence of phenyihydrazine to be identified, and the procedure of 
benzene extraction of the hydrochloride affords a convenient method 
for its removal. 
The alkylation fails for halides which show a tendency to eliminate, 
but it should be possible to predict such instances in terms of established 
theory or the known behaviour of the halide in nucleophilic substitution 
reactions. Similarly, the directing effect of the anionic nitrogen centre 
is apparently not strong enough to prevent alkylation from occurring 
preferentially at N-2 in cases where the alkylating agent is severely 
sterically hindered. 
The purification procedure may be limited by the unexpected behaviour 
of individual hydrochlorides in the course of their preparation (vide supra) 
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The Oxidation of 1-Alkyl- 1-Phenyihydrazines 
The hydrazines which were studied were all formally related to 
1-allyl-1-phenylhydrazine and the anticipated course of the oxidation 
was that suggested by analogy with the known rearrangement of allylic 
diazenes. Before discussing the results of individual oxidations, a 
brief description of the nature of the allylic diazene rearrangement, 
and of the mode of action of the oxidising agents used, is given. 
As stated earlier, the oxidation of l-allyl-l-phenylhydrazine was 
found by Michaelis and Luxemburg 4 to give l_phenylazoprop2_ene rather 
than the corresponding tetrazene which they had expected. The important 
role of the allyl group in this rearrangement is underlined by the fact 
that only two formally analogous examples of the rearrangement have been 
reported for hydrazines not containing the allyl substituent: the 
oxidation of N-amino-oxindole to give 3-cinnolinol 66 and the oxidation 
of 1-amino-3,4,5,6-tetraphenylpyrid--2--one to give 3,4,5,6-tetraphenyl-
pyridazine. 67 (Scheme 30). 
In recent years, the development of a general theory of concerted 
reactions, principally by Woodward and Hoffmann, 
59 
 has enabled the 
rationalisation of the stereochemical course of known concerted processes. 
Furthermore, the theory has enabled the chemist to extrapolate from 
known reactions and to predict the feasibility of a particular process 
occurring by a concerted mechanism, and in such instances to predict 
the stereochemistry of the product, where this applies. 
In 1968 Baldwin et a1 102 postulated that a number of apparently 
unrelated reactions in the field of sulphonium ylide chemistry could 
be rationalised in terms of an electrocyclic mechanism with conserv-
ation of orbital symmetry 	(Scheme 31). Baldwin 
61 
 subsequently 








































connection he re-examined the oxidation of 1-allyl-1-phenylhydrazine and 
some related hydrazines (Scheme 32). His work confirmed the observations 
of Michaelis and Luxemburg4 , and showed that the oxidation of the allylic 
hydrazines with mercuric oxide, lead tetra-acetate, manganese dioxide and 
t-butyl hypochiorite gave the corresponding azo-compounds. Hydrocarbons 
were obtained in small amount from the oxidations with the metal oxides, 
but not from those carried out using t-butyl hypochiorite. Hydrocarbon 
formation was attributed to the formation, and subsequent reaction of an 
intermediate hydrazinyl radical formed by the one-electron oxidation of 
the hydrazine; such a stepwise oxidation mechanism was not considered - 
possible in the case of t-butyl hypochiorite.. 
The formation of the azo-compounds to the almost complete exclusion 
of hydrocarbon formation led Baldwin to conclude that the rearrangement 
of allylic diazenes occurred by a [2,3] sigmatropic process; this 
supported his own prediction that the rearrangement should occur by a con-
certed suprafacial-suprafaciàl transformation. Thus the allylic diazene 
rearrangement could be interpreted in terms of his generalised mechanism 
(Scheme 33). 
The mechanism is most readily appreciated in terms of the ylide-
type representation of the diazene as shown.' Support for this repre-
sentation comes from the results of theoretical calculations 
(Introduction p.  7) and from the fact that certain 1,1-diazenes, 
generated by lead tetra-acetate oxidation of the corresponding hydrazines, 
have been shown to add stereospecifically to electrophilic, as well as 
to nucleophilic, olefins. 26,27 Stereospecific addition of diazenes to 
olefins implies that the reacting diazene is in its singlet ground state; 
in this state, delocalisation of the lone pair electrons of the N-i 
nitrogen into the vacant p-orbital of the N-2 nitrogen can occur to 
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give the dipolar form of the diazene i.e. the ylide-type diazene shown 
in Scheme 33. It is reasonable to assume that diazenes generated by 
the use of other oxidising agents such as mercuric oxide, also react in the 
singlet state. 
Consideration of the allylic diazene rearrangement in terms of the 
Woodward-Hoffmann theory of concerted processes confirms that the [2,3] 
sigmatropic rearrangement is indeed a 'symmetry-allowed' process. The 
analysis is simplified if the iso-electronic 'all-carbon' analogue is 
considered; the rearrangement is then degenerate but is essentially no 
different from the diazene case (Scheme 34). The transition state for 
the rearrangement may be considered as two interacting three-electron 
fragments, an allyl radical and an ethylene-type fragment, as shown in 
Scheme 35. This transition state has a mirror plane of symmetry (m) 
with respect to which the participating molecular orbitals must have 
the same symmetry if the reaction is to be concerted. Using the 
frontier orbital. approach, the relevant orbitals in this case are the 
singly-occupied rr anti-bonding orbital of the ethylene-type fragment, 
and the singly-occupied 
2 
 orbital of the allyl system. For the 
transition state geometry shown in Scheme 35, it is seen that the 
interaction between Tr* and 
2' 
 in the suprafacial-suprafacial mode shown, 
is a symmetry allowed process, both orbitals being antisyinmetric with 
respect to the symmetry element, m (Scheme 36). 
Conservation of orbital symmetry is a necessary but not a sufficient 
condition for a concerted process to occur. 	If the required transition 
state is strained (due to substituent interaction, for example) then 
reaction will tend to occur by a stepwise pathway of lower energy. 
Even if the required transition state can be attained, it may well be 
the case that the activation energy barrier is too high for the concerted 
process to occur, or the activation energy difference between the concerted 
-40- 
process and the stepwise process may be small enough to allow both 
mechanisms to operate in competition. Furthermore, the considerations 
discussed above refer to a specific intramolecular process but in cases 
where an intermolecular process can compete with intramolecular rearrange-
merit, the task of predicting the nature of the product or products 
becomes very complex. 
The oxidative rearrangement of allylic 1,1-disu.bstituted hydrazines 
to give azo-compounds by a suprafacial-suprafacial rearrangement is there-
fore a 'symmetry-allowed' concerted process which may be represented as 
shown in Scheme 33. Predictions of the course of individual oxidation 
experiments, and therefore of the nature of the anticipated products, 
were based on this general scheme. 
In view of the considerable volume of evidence supporting the 
formation of diazenes in the oxidation of 1,1-disubstituted hydrazines, 
their intermediacy was assumed in this study. 	(Attempts were made to 
trap the diazenes and although these attempts were unsuccessful, this 
was not interpreted as denying their formation - see p. 105). Nonetheless, 
the nature of possible alternative intermediate species in the context of 
the oxidising agents used (i.e. yellow mercuric oxide, lead tetra-acetate 
and t-butyl hypochlorite), deserves mention. 
Baldwin 
61 
 has suggested that the overall two-electron oxidation by 
mercuric oxide is achieved in stepwise fashion, thereby giving rise to 
a hydrazinyl radical which may decompose with the formation of hydro-
carbons, or undergo further oxidation to give the diazene. Heterogeneous 
oxidation requires that the species to be oxidised become co-ordinated to 
the oxidant in some way. The surface of the oxidising agent may therefore 
be regarded as a region of high diazene and high hydrazine concentration, 
or, if oxidation is instantaneous, as a region of high diazene concen-
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formation (Introduction P. 10). The crystal structure of yellow mercuric 
oxide is known to be an infinite planar zig-zag chain, 103  and Forgione 
et a143 have suggested that the co-ordination which such a structure 
allows is responsible for the stereospecific oxidation of 3-amino-2-
oxazolidinone to the corresponding thermodynamically unfavoured cis-
tetraz-2-ene. 
Oxidation by lead tetra-acetate is believed to involve the formation 
of an intermediate complex which then undergoes fragmentation to give the 
diazene, acetic acid and lead di-acetate (Scheme 37). The possibility 
of simultaneous rearrangement occurring together with the formation of 
lead di-acetate and acetic acid,. has been suggested in the oxidative 
rearrangement of _amino_oxindole;104 the rearrangement would then 
involve a diazenoid intermediate rather than a discrete diazene (Scheme 38). 
The generation of acetic acid in the course of the oxidation allows the 
possible intermediacy of the conjugate acid of the diazene (10). 
Baldwin 
61 
 has suggested that an intermediate hydrazinyl radical may 
be involved which can react as such giving rise to hydrocarbons, or be 
oxidised further to the diazene. 
Therefore, the exact nature of the intermediate involved in 
oxidations with lead tetra-acetate is an open question, but the results 
of most oxidations of 1,1-disubstituted hydrazines may be satisfactorily 
rationalised in terms of diazene intermediacy. 
Oxidation with t-butyl hypochlorite is believed to involve the 
formation of an N-chloramine or an N,N-dichloramine which can then 
decompose to give a diazene (Scheme 39). The common procedure of using 
one equivalent of the oxidising agent followed by addition of base, 
probably gives the diazene by the formal c-elimination of hydrogen 
chloride. Baumgarten et a1 104 have suggested that a diazenoid species 
may be the intermediate in the oxidative rearrangement of N-amino 
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The Attempted Oxidation of 1-Allyl-l-Phenylhydrazine with t-Butyl 
Hypochlori te 
The attempted oxidations were carried out on samples of the 
hydrazine prepared prior to the development of the procedure for their 
purification described above (see p. 30). The crude hydrazine was 
distilled and the distillate was collected in four portions; the 
portions were examined by n.m.r. spectroscopy, and the fraction which 
appeared least contaminated with phenyihydrazine was used. This 
distilled material however, was shown still to contain Ca. 12% of 
phenylhydrazine. 
The oxidant was prepared by the methods of Gilliom and Ward, 105  
and Mintz and Walling 106 its purity was confirmed by n.m.r. spectroscopy. 
Three different oxidation procedures were examined (Experimental p. 145 
including the use of a 3 mole excess of the oxidising agent. In each 
case, the oxidation was shown by n.m.r. spectroscopy to give rise to a 
complex mixture of products. The n.m.r. spectra of these oxidation 
products could not be reconciled with those of the products of subse-
quent successful oxidations of the same hydrazine. 
While the failure of t-butyl hypochiorite to give the expected 
product may possibly have been due in some way to the presence of 
residual phenyihydrazine, the oxidation of the pure l-alkyl-1-phenyl-
hydrazines with this reagent was not examined, as the use of yellow 
mercuric oxide and lead tetra-acetate for the oxidation of the pure 
compounds, had proved satisfactory. 
-43- 
The Oxidation of l-Allyl-l-Phenylhydrazine with Yellow Mercuric Oxide 
and with Lead Tetra-acetate 
The oxidation was carried out in order to confirm the reported 
course of the oxidation 4 and to gain experience of the oxidation methods. 
Furthermore, while the anticipated product was 1-phenylazoprop-2-ene, the 
possibility of the formation of 1-phenyl-2-pyrazoline whose presence could 
be identified by n.m.r. spectroscopy, was also envisaged. Fischer and 
Knoevenagel 
107 
 and von Auwers and Kreuder 
108
have shown that attempts 
to prepare acrolein phenylhydrazone result in the isolation of the product 
of internal cyclisation of the hydrazone, 1-phenyl-2-pyrazoline. Formation 
of this latter compound in the oxidation of l-allyl-l-phenylhydrazine is 
conceivable in terms of either of the pathways shown in Scheme 41; path B 
involves the direct formation of the hydrazone, a possibility which has a 
close parallel in the observed formation of phenyihydrazones by oxidation 
of certain 1-aryl-1-benzyl hydrazines? An attempt to prepare acrolein 
phenylhydrázone by heating a solution of acrolein and phenylhydrazine 
(in equimolar ratio) in ethanol under reflux gave a product which was 
shown by n.m.r. spectroscopy to be very largely 1-phenyl-2-pyrazoline, 
thus confirming the facile nature of the cyclisation step shown in 
Scheme 41. 
Oxidation of l-allyl-l-phenylhydrazine with yellow mercuric oxide 
in methylene chloride and in chloroform (Experimental p. 147 ) gave 
1-phenylazo-prop-2-ene [100%; Identified by comparison with an 
independently prepared sample of the azo-compound (see pp. 58-62, 
Experimental p.160 ) by chromatography and by n.m.r. and infra-red 
spectroscopy. Both the oxidation product and the authentic sample 
of 1-phenylazoprop--2-ene also showed the presence of L5X identical 
minor cmponents; the pairingof these components confirmed that the 















The presence of 1-phenyl-2-pyrazoline could not be detected by 
nm.r. spectroscopy. 
Oxidation of l-allyl-l-phenylhydxazine with lead tetra-acetate 
under homogeneous conditions (experimental p. 148) was similarly shown 
to give 1-phenylazoprop-2-ene in 71% yield. The reduced yield with 
this oxidising agent may be attributed to the more lengthy product 
isolation procedure. Again, no 1 -phenyl-2-pyrazoljne could be 
detected in the product by n.m.r. spectroscopy. 
The non-formation of 1,4 di-allyl-1,4-dipheny1tetaz_2_ene in 
these oxidations under conditions which have been suggested to favour 
tetrazene formation, namely, the generation of 1,1-diazenes in the presence 
of high hydrazine concentrations (i.e. the mixing of the hydrazine and 
the oxidant in one portion, c.f. Overberger and Herin, 4° Introduction 
p. 9 , Scheme 10), and the generation of high localised diazene concen-
trations in the case of mercuric oxide (cf. Forgione et al 43 , P. 10 ), 
illustrates the highly facile nature of the rearrangement made possible 
by the close proximity of the allyl group. 
The Oxidation of l -Cyclopropylcarbinyl-l-Phenylhyarazjne with Yellow 
Mercuric Oxide and with Lead Tetra-acetate. 
The anticipated reaction pathway to give 1-phenylazobut-3-ene is 
shown in Scheme 42. The rationale behind the proposed scheme comes from 
the acknowledged olefin-like character of cyclopropane and its derivatives. 
Indeed examples are known of the participation of a cyclopropane ring 
analogously to a double bond, in pericyclic reactions; an example is the 
[1,5] hydrogen shift shown in Scheme 43.109 
-45- 
Oxidation of 1-cyclopropylcarbinyl- 1-phenyihydrazine with mercuric 
oxide - (Experimental p. l6 gave a pale green solid which was characterised 
after recrystallisation from ethanol. The n.m.r. spectrum of both this 
material and the crude oxidation product-indicated that the cyclopropyl 
carbinyl moiety had remained intact, and showed no signals attributable 
to the anticipated product. The mass spectrum showed a parent ion of 
m/e 320, and accurate mass measurement established a molecular formula 
of C20E24N4 . On the basis of this evidence, and the compatibility of 
the observed n.m.r. spectrum, the product (70%) was identified as 
1, 4-dicyclopropylcarbinyl-1, 4-diphenyltetraz-2-ene. 
The work of Overberger and Herin 4° (Introduction P. 9 ) showed 
that the rate of addition of 1-amin0-2-phenylpiperidine to a suspension 
of mercuric oxide had considerable influence over the nature of the 
oxidation products; they suggested that rapid addition of the hydrazine 
favoured the reaction of the diazene with its precursor to give the 
tetrazene product, while slow addition favoured the decomposition of 
the diazene, since the probability of its reaction with the hydrazine 
was low. 	 - 
In the light of these observations, the oxidation procedure was 
repeated with the modification of dropwise addition of a solution of the 
hydrazine to a suspension of mercuric oxide. However, once again, the 
only observed product was 1 ,4-dicyclopropylcarbinyl-1, 4-diphenyltetraz-
2-ene. 
The oxidation with lead tetra-acetate (Experimental p.16.1  ) was 
exothermic and proceeded with the apparent evolution of gas. The 
n.mr. spectrum of the concentrated reaction mixture, though complex and 
poorly resolved, suggested the presence of N-cyclopropylcarbinylaniline, 
a small amount of the tetrazene, formylcyclopropane (identified by reference 
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products; no signals attributable to the anticipated product were 
observed and the cyclopropylcarbinyl moiety appeared to have again sur-
vived.the oxidation procedure. The product of complete work-up was 
examined by column chromatography, but separation of the components 
could not be achieved. The recovered material, a wine-red liquid, 
was examined by n.m.r. spectroscopy; the presence of N-cyclopropyl-
carbinylaniline, a small amount of the corresponding tetrazene, 
together with a product giving rise to a weak doublet at 6 3.6 p.p.m., 
was indicated. Evidence from the infra-red spectrum of this material 
supported the presence of the secondary amine; further support for 
the n.m.r. spectrum assignments came from the results of thin layer 
chromatography. It was considered possible that the unassigned 
signals in the n.m.r. spectrum might be due to 1,2-dicyclopropylcarbinyl-
1,2-diphenyihydrazine; such tetrasubstituted hydrazines are known to be 
formed in the thermal decomposition of tetraz-2-enes. The formation of 
the assigned products may be accounted for in terms of Scheme 44, which is 
based in part on the mechanism proposed by Overberger and Marks 
51 
 to 
explain the formation of the observed products of acid catalysed 
decomposition of tetrabenzyltetraz-2-ene. 
While both amine formation and the apparent formation of formyl-
cyclopropane may be explained in terms of a radical mechanism not 
involving participation by acetic acid, (path B in Scheme 44), this 
seems less likely in view of the isolation of the tetrazene from the 
oxidation with mercuric oxide, in which experiment similar conditions 
(in terms of solvent and temperature) were employed. Evidence for 
such a radical pathway has been found in the thermal decomposition of 
tetramethy1tetraz-2-ene)
0 
 The source of the water shown in 























The apparent formation of the tetra-substituted hydrazine in the case of 
oxidation with lead tetra-acetate but not with mercuric oxide may be due 
to differences in the degree of heating of the oxidation product in the 
course of the removal of the solvent or to decomposition of the tetrazene 
during chromatography. In any event, such considerations are not the 
province of this particular study, and further work would be necessary 
to confirm or refute the proposed mechanistic scheme. 
The oxidations with lead tetra-acetate and with mercuric oxide 
therefore showed that tetrazene formation was the preferred reaction 
pathway for l-cyclopropylcarbinyl-l-phenyldiazene. 
The Oxidation of 1- (But-3-en--1-yl)-l-Phenylhydrazine with Yellow Mercuric 
Oxide 
The anticipated product of the oxidative rearrangement of this 
hydrazine was cyclopropyl (phenylazo)methane, formed by the sequence 
shown in Scheme 45. An analogous process has been proposed to explain 
the formation of o-(pent-3-en-2-yl)phenol from o- (pent-l-en-3-yl) -phenol 
in the course of the Claiesen rearrangement of 1-phenoxypent-2-ene 
(Scheme 46). 
The oxidation experiments (Experimental p.162) yielded a brown 
liquid (quantitative recovery of material) which examination by n.m.r. 
spectroscopy indicated was a complex mixture of products. Significantly, 
the characteristic multiplet signal of the cyclopropyl moiety was not 
observed, indicating that the anticipated rearrangement had not occurred. 
The infra-red spectrum showed a weak N-H absorption at v 3400 cm -1 which 
could not be attributed to urioxidised hydrazine (t.1.c. showed that the 
oxidation product did not contain any residual 1- (but-3-en-1-yl) -1-
phenyihydrazine). The mass spectrum of the oxidation product showed 
a strong parent peak at ni/e 320 suggesting the presence of the tetrazene, 
-48- 
and a peak at m/e 147 which, together with N-a absorption observed in 
the infra-red spectrum of the crude material, suggested the presence of 
N- (but-3-en-l-yl) aniline. Preliminary examination by t.l.c. revealed 
seven bands of material, and preparative t.l.c. (silica gel/n-hexane) 
gave five overlapping bands; the appearance of the developed plate 
suggested that extensive decomposition was occurring on the adsorbent. 
Only the leading three bands of material could be isolated cleanly; 
the products recovered from these bands were examined by mass spectrometry. 
The mass spectra of these products all showed the same peaks 
although the relative intensities of particular constituent peaks differed 
from one spectrum to another. A noticeable feature was the markedly 
diminished intensity of the peak at m/e 320 (earlier attributed to the 
tetrazene) compared to the same peak in the spectrum of the crude material; 
this, together with the appearance of the developed t.l.c. plate suggested 
that the crude product was rich in 1,4-di(but-3-en-1-yl)-1,4-diphenyl-
tetraz-2-ene which underwent extensive decomposition during chromatography. 
Suppdrt for this view comes from the observed enhancement of the peaks at 
m/e 292 and 147. 	The former may be attributed to 1,2--di(but-3-en-1-yl)- 
1,2-diphenyihydrazine, the product of extrusion of nitrogen from the 
tetrazene; the latter to N- (but-3-en-l-yl) aniline formed as a result 
of hydrogen abstraction by the N-(but-3-en-l-yl)anilino radical derived 
from the homolytic extrusion of nitrogen from the tetrazene (cf. Wieland 
and Fressel
112
). 	Fragmentation patterns consistent with these 
assignments were also observed. 
A significant peak was observed at m/e 160 in the spectra of both 
the crude oxidation product and the material recovered from the third band 
of the preparative t.l.c. plate; a weak peak at nile 160 was also observed 
in the mass spectra of the other t.l.c. products. 	It seems unlikely that 
this peak arises from the symmetrical scission of the tetrazene, since the 
mass spectrum of 1,4-dicyclopropylcarbinyl-1,4-diphenyltetrazene (also of 
-49- 
molecular weight 320 a.m.u. I showed only a very weak peak at nile 160. 
Furthermore, while the appearance of the peak may be attributed to 
fragmentation of 1, 2-di (but-3-en- 2-yl) -1, 2-diphenyihydrazine (M. wt. 
292 a.m..u.) with-loss of one of each substituerit, examination of the 
mass spectra of the-crude oxidation product and the chromatographed 
materials revealed that when the peak at nile 292 was large, that at nile 
160 was small, and vice versa; this indicated that the peak at ni/e 160 
was due to an independent chemical entity. 
An alternative explanation for the observation of a peak at nile 160 
is that the peak corresponds to the doubly-charged molecular ion of 1,4- 
di (but- 3-eri-1-yl) -1, 4-diphenyltetraz-2-efle. However, Beynon 
ill
suggests 
that the intensities of such double-charged ion peaks are only ca. 10% 
of the base peak height under the most favourable circumstances. In 
the present case, the peak in question (nile 160) is considerably more 
intense, and, in the spectrum of the crude oxidation product, its 
intensity is ca. 50% of the base peak intensity (ni/e 106). As already 
mentioned, the mass spectra of other tetrazenes examined in this study 
(1, 4-dicyclopropylcarbiflyl-1,4 -diphenyltetraz-2-ene and 1, 4-dibenzyl-1, 4-
diphenyltetraz-2-erle) show only very weak peaks having a mass to charge 
ratio of half the molecular ion value . Precedent suggest that the 
most probable species would be but-3-enal phenyihydrazone. A 
corroborating C=N infra-red stretch could not be firmly identified; 
the strong absorption observed at v 1605 cm 1 in the infra-red spectrum 
of the oxidation product was also displayed by the parent hydrazine. 
Only a very weak peak was observed at ni/e 132 suggesting the 
hydrocarbon formation (by extrusion of nitrogen from the diazene) had 
occurred to only a very small extent, if at all. 
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The material recovered from the third of the bands isolated by 
preparative t.l.c. (i.e. the slowest moving of these bands) was shown 
by n.m.r. spectroscopy to be not significantly different from the 
crude oxidation product, and on rechromatographing, it was found to 
give rise to six bands of material. This serves as a further illustration 
of the complex nature, and instability, of the oxidation product. 
While the assignment of the components of a complex mixture almost 
solely on the basis of mass spectral evidence, must be viewed critically, 
it can be stated categorically that the presence of the anticipated product 
of oxidative rearrangement could not be detected in any of the oxidations 
of 1-(but-3-en-1--yl)-l-phenylhydrazine which were carried out. 
The Oxidation of l-Benzyl-l-Phenylhydrazine with Mercuric oxide 
This particular oxidation was first performed by Busch and Lang7 
who reported the product to be 1,4-dibenzyl-1,4-diphenyltetraz-2-ene. 
Interestingly, Carter and Stevens 62 found that the product obtained 
from the base-catalysed decomposition of 1-benzy1-l-phenyl-2-toluene--
suiphony1hydrazine was benzaldehyde phenyihydrazone. Both of these 
reactions are now believed to proceed via the same intermediate diazene 
and the acute contrast in the nature of the products obtained is 
surprising. It was thought that a re-investigation of the work of 
Busch and Lang  might, with the aid of modern techniques, reveal the 
formation of benzaldehyde phenyihydrazone, to some extent at least, in 
the oxidation of 1-benzyl-l--phenylhydrazine. 
Furthermore, pursuing the analogy between the ylide-type represent-
ation of diazenes and allylic ammonium ylides, it was hoped that 
l-benzyl-l-phenyldiazene might rearrange to some extent, in a manner 
analogous to the Sommelet-Hauser rearrangement of benzylicanimonium 
ylides (Scheme 47) to give 2-phenylazotoluene according to Scheme 48. 
-51-- 
The Sominelet-Hauser Rearrangement of benzylic ammonium ylides occurs 
in competition with the Stevens Rearrangement which may itself be regarded 
as having a formal analogue in the formation of aldehyde aryihydrazones 
by oxidation of substituted 1-benzyl-1-phenylhydrazines (cf. Busch and 
7 	 113 
Lang ). Wittig 	has suggested that the Son3melet-Hauser rearrangement 
is favoured at low, temperatures and that only at higher temperatures does 
the Stevens rearrangement begin to compete; studying the ylide shown in 
Scheme 49 he found that no Stevens-type product could be detected when the 
reaction was carried out in ether at 20-309C; only the Soummelet Hauser 
product (69%) was isolated. By reason, of the apparently facile nature 
of the-Sommelet-Hauser rearrangement, it was felt that there existed a 
reasonable possibility that the analogous rearrangement might occur in 
the oxidation of 1-benzyl-1-phenylhydrazine at ca. 200C. 
The products of preliminary oxidations of 1-benzyl-1-phenylhydrazine 
with mercuric oxide were found by n.m.r. spectroscopy to be multicomponent 
mixtures and it was at first thought that the oxidation followed a more 
complex course than suggested by the original investigators. 7 However, 
it was subsequently shown that these mixtures of products arose as a 
consequence of the thermal lability of the single-component oxidation 
product. Careful recovery of the oxidation product at, or slightly 
above, room temperature gave 1,4-dibenzyl-1,4-diphenyltetraz-2-ene in 
80% yield. (identified by comparison with an independently prepared 
sample). That the complex products obtained from the preliminary 
oxidations were derived from the thermal decomposition of the tetrazene 
was confirmed by n.m.r. spectroscopic examination of the concentrated 
ethanolic mother liquor of recrystallisation of the tetrazene; the 
n.m.r. spectrum of this material indicated the presence of all the 
components formed in the preliminary oxidation experiments. On the 
basis of the literature reports of the thermal decomposition of 
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tetrazenes such as tetrabenzyltetraz-2-ene,
112 
 these products may be 
tentatively assumed to be N-benzylan.iline, 1,2-dibenzyl-1,2-diphenyl-
hydrazine, and benzaldehyde phenylimine. Indeed, heating a solution 
of the tetrazene in xylene under reflux was shown to give N-benzylaniline 
and an unidentified residue (see p. 88 , Experimental p.194 ). 
In none of the several oxidations of 1-benzyl-1-phenylhyd.razine 
was any of the anticipated 2-phenylazotoluene detected: the n.m.r. 
spectrum of an authentic sample of the azo-compound showed the methyl 
group resonance at ó. 2.7 p.p.m., but this characteristic signal was 
not observed in the n.m.r. spectra of the oxidation products. 
Similarly, the possibility of benzaldehyde phenythydrazone formation 
- 
	
	was not supported by the results of examination of the oxidation product 
by n.m.r. spectroscopy. 
The Oxidation of 1-(2-Styry]phen.ylinethyl).-1-Phenylhydrazine with 
Yellow Mercuric Oxide 
In this oxidation it was hoped to observe a rearrangement of the 
intermediate diazene in a manner analogous to that known to occur for 
the corresponding a- (o-alkenylaryl) diazoalkanes 7° (Schemes 50 and 51). 
Support for the proposed reaction pathway came from the fact that the 
analogy had been demonstrated in the case of unsaturated diazoalkanes 114 '
115 
 
and allylic diazenes 
61
(Scheme 52). 
The hydrazine (11) - may also be viewed as a substituted 1-benzyl-1-
pheny1hydrazine in which case the oxidation product might reasonably be 
expected to be 2-formyistilbene phenyihydrazone or a mixture ofthe 
hydrazone and the corresponding tetrazene, by analogy with the findings 
of Busch and Lang. 















The oxidation experiments (experimental p.166 ) gave a brown gum 
(quantitative recovery of material) which was shown by n.m.r. spectroscopy 
to be a complex mixture of products: eight poorly resolved singlets could 
be identified in the range S 4-5.5 p.p.m., the region where, by comparison 
with the spectrum of the- hydrazine, the benzylic proton resonances would be 
expected to appear. Indeed, in overall appearance, the n.m.r. spectrum 
resembled those of the products of the unsuccessful oxidations of 
l-benzyl-l-phenylhydrazine; it will be remembered that the mixtures 
obtained derived from the decomposition of the tetrazene (see p. 51 ). 
A successful rearrangement would be immediately apparent by the appear-
ance of a singlet in the methyl region (ca. tS 3.0 p.p.m. by analogy with 
toluene); three very weak, broad singlets were observed in the range 
cS 2.8-3.4 p.p.m., and a further very weak singlet was observed at cS 
1.25 p.p..m., indicating that the anticipated rearrangement had occurred 
in only very small part, if at all. An impression of the significance of 
these singlets may be gained from the integration ratio of aromatic protons 
to all other protons, which was found to be ca. 15:1. 
Examination by t.1. c.. showed that up to five different components 
were present, and the appearance of the developed plate suggested that 
decomposition was occurring during chromatography. Column chromatography 
gave a series of four overlapping coloured bands, three of which were 
shown to account for the weight of material applied to the column. 
The recovered fractions were examined by mass spectrometry and 
n.m.r. spectroscopy. 	Most of the peaks in the mass spectra were common 
to each fraction, but the intensities of some of these shared peaks were 
not necessarily comparable. The mass spectral evidence suggested that 
tetrazene formation had occurred as the weak peak observed at m/e 596 
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A small amount of a brick-orange, solid was recovered from the 
column, and the n.m.r. spectrum of this material showed only a broad 
multiplet in the aromatic region. Its mass spectrum showed a significant 
peak at m/e 298 and this evidence, together with the appearance of the 
n.m.r. spectrum suggested that the solid was largely 2-forxnylstilbene 
phenyihydrazone. An authentic. sample of the hydrazone was prepared 
and its n.m.r. spectrum was shown to be broadly compatible with that 
of the material under examination; the hydrazone was also shown to be 
stable to the oxidation conditions. The mass spectrum of the authentic 
compound showed the parent peak at m/e 298 and fragmentation peaks at 
m/e 221 and 206; these peaks could also be identified in the mass spectrum 
of the orange solid. 
While the majority of the peaks in the mass spectra of the column 
fractions could not be readily interpreted in terms of the known behaviour 
of similar hydrazines on oxidation, the sizeable peak at m/e 490 may possibly 
be due to 2-formyistilbene 1- (2-styrylphenylmethyl) -1-phenyihydrazone. 
The formation of such a product has a direct analogue in the reported 
isolation of benzaldehyde 1, l-dibenzylhydrazone from the oxidation of 
1, 1-dibenzylhydrazine with several oxidising agents 
38 
 (See Introduction 
P. 15). 
The Oxidation of l-(3-Phenylprop--2--ynyl)-1-Phenylhydrazine with Yellow 
Mercuric Oxide 
The anticipated course of the oxidative rearrangement involved 
the participation of the acetylenic bond as shown in Scheme 53 to give 
l-phenyl-l-phenylazo-allene. The participation of the acetylenic 
bond in the Diels-Alder reaction is well known, and Baldwin et a1 69 showed 
that this siginatropic participation could be extended to the rearrange-
ment of the acetylenic suiphonium ylide shown in Scheme 54. The allylic 
-55- 
diazenes61 and the corresponding allylic suiphonium ylidesUGIll7 were 
known to rearrange in an analogous fashion, and it was hoped that this 
analogy between diazenes and suiphonium ylides would extend to the 
system under investigation. 
The oxidation experiments gave an almost quantitative recovery of 
material, in the form of a. shiny black foam or a black glass. As expected 
for material of this nature, the n.m.r. and infra-red spectra were ill-
defined. The infra-red spectrum showed no N-H absorption, suggesting 
that complete oxidation had taken place, no CC absorption could be 
identified although it should be stated that even in the parent hydrazine, 
this absorption was very weak. More convincing evidence for the 
destruàtion of the 3-phenylprop-2-ynyl substituent was provided by the 
n.m.r. spectrum which showed no signals attributable to the methylene 
protons of the substituent; only a multiplet in the aromatic region, 
and a weak, broad singlet at S 1.7 p.p.m. were in fact observed. 
Baldwin et a169 reported that the allenic protons of their allene 
product (Scheme 54) gave rise to a doublet at S 5.09 p.p.m. in the 
n.m.r. spectrum. 	It was therefore concluded that the recovered oxidation 
product did not contain the anticipated allene. 
The mass spectrum of the oxidation product showed a very weak peak 
at ni/e 440 ± 2 suggesting that a very small amount of the tetrazene was 
present. The base peak had nile 220 corresponding to symmetrical scission 
of the tetrazene; this possibility is however unlikely by analogy with 
the fragmentations of 1,4 dicyclopropylcarbinyl-1,4-diphenyltetraz-2-ene 
(cf. p.  48 ) and because of the failure to observe any methylene signals 
in the n.m.r. spectrum of the oxidation product. The peak at ni/e 220 
corresponds to the anticipated 1-phenyl-1-phenylazo-allene but in view 
of the lack of support for this formulation from the n.m.r. spectrum, a 
better explanation might be the formation of 1-phenylprop-1-yn-3-al 
phenylhydrazone. 
[BY similar reasoning to that described in the case of interpretation 
of the mass spectrum of the oxidation product from 1-(but-3-en-l-yl) -1-
pheny1hydrazine (see p.  49 ), the possibility that the peak at m/e 220 
might be due to the doubly-charged molecular ion of the species having 
molecular weight 440 a.m.u.. can be ruled out.1 
• Baldwin et a169 make no mention. of any instability associated with 
their allene (Scheme 54) and in view of the similarity between the reported 
allene and that anticipated from this oxidation, it may be inferred that 
l-phenyl-l-phenylazo-allene would be stable if formed. It can therefore 
be concluded that the intermediate diazene in this oxidation follows a 
pathway or pathways other than that proposed- in Scheme 53, resulting 
possibly in the formation of the corresponding tetrazene and, or, 
phenyihydrazone.. 
Conclusions 
The [2,3] sigmatropic rearrangement of allylic diazenes by a 
suprafacial-suprafacial migration has been shown to be a 'symmetry-
allowed' process (see P. 39) ... This merely states, however, that 
rearrangement by a concerted mechanism is a feasible process; the 
possibility will only be realised if the necessary transition state 
can be attained without causing steric strain in the system. Further-
more, the concerted process may occur in competition with stepwise 
processes which involve comparable activation energies; if the 
stepwise pathways are of lower energy they will occur in preference to 
the concerted processes. When the possibility of intermolecular 
reaction also exists, such pathways will also compete with the concerted 
process if they are of comparable energy. 
-57- 
• Throughout the above work, the analogy between the diazenes and 
ammonium ylides (and the suiphonium ylide in the case of the proposed 
acetylenic diazene rearrangement) has been emphasised. However, diazenes 
differ from typical ylides in the important respect that they may react 
intramolecularly by several different pathways, and intermolecularly to 
give tetrazenes by several possible mechanisms (dimerisation, reaction with 
the. hydrazine precursor,, or reaction with the diazenium ion in the case of 
the oxidation with lead tetra-acetate); ylides generally have only one 
intramolecular pathway open to them (the ammonium ylides are an exception 
to this in that the Stevens. rearrangement can always occur in competition 
with any other specific process) . The possibility of observing the = 
anticipated rearrangement processes for the diazenes in question, there-
fore requires that the activation energy for the concerted process be at 
least comparable with the activation energies of all the possible alter- 
native pathways. 
Reference to molecular models of the systems examined here, suggests 
that the required transition state geometry can be achieved without 
causing steric strain. The failure to observe the anticipated rearrange-
ments may therefore be attributed either to insufficient overlap of the 
participating li-systems in the transition state, or to the availability 
of several alternative reaction pathways (e.g. tetrazene formation) of 
lower energy. The facile rearrangement of l-allyl-l-phenyldjazene 
indicates that the concerted process has a lower activation energy than 
any of the other possible reaction pathways; the most probable explanation 
for this is that the optimum geometry, and with it the favourable overlap 
of the participating li-systems, can be achieved in this case. Failure 
to attain a favourable transition state will result in an increased 
activation energy for the concerted process; in the case of the other 
diazenes studied, this increase in the activation energy may be sufficient 
to make the alternative reaction pathways energetically more favourable. 
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The Preparation of 1-Phenylazoprop-2-ene 
The title compound was required for comparison with the product 
obtained from the oxidation of l-allyl-l-phenylhydrazine with yellow 
mercuric oxide and with lead tetra-acetate. 
Examination of the literature revealed only three reports of the 
preparation of 1-phenylazoprop-2-ene. Two of these reports involved the 
oxidative rearrangement of l-allyl-l-phenylhyd.razine (Michaelis and 
Luxemburg, 4 and Baldwinf1) and the third involved the oxidation of what 
was shown to be a mixture of I-allyl-l-phenylhydrazine (the major component) 
and 2-allyl-L-phenylhydrazine 4 (Fischer and Knoevenagel 5). Therefore, as 
far as the present work was concerned, no independent, unambiguous prepar-
ation of 1-phenylazoprop- 2-ens. was known. 
A survey of alternative procedures for the preparation of azo-compounds 
showed that many were specific to the preparation of particular types of 
azo-compound or. involved multi-step processes (e.g. methods involving the 
coupling the two substituted nitrogen fragments). It was therefore felt 
that the oxidation of 2-allyl-l-phenylhydrazine offered the most direct 
route, and effort was concentrated on this approach. 
Alkylation of phenyihydrazine with allyl bromide was shown to give 
a mixture of the 1,1- and 1,2-disubstituted hydrazines (78% and 22% 
respectively, see p. 28 ). 	The preparation of 1,2-disubstituted hydra- 
zines by the reduction of the corresponding hydrazones is limited to 
compounds with functional groups which are not susceptible to reduction, 
and so could not be used in this instance;in any case, the isolation of 
the necessary acrolein phenyihydrazone had been shown to be impossible, 
as cyclisation to l-phenyl-2-pyrazoline occurred very readily (see p. 43 ). 
The possibility of using a blocking group or an activating group 
to prevent alkylation at N-i was next examined. Freer and Sherman 118 
reported that 2-ethyl-l-phenylhydrazine could be prepared by the 
-59-. 	 - 
alkylation of: the sodium salt of 2-formyl-1-phenylhydrazine with ethyl. 
iodide, followed by hydrolysis of the product. Adaptation of their 
procedure to the synthesis of 2-allyl-l-phenylhydrazine (Experimental 
p. 149) gave a mixture of the 1,1- and the 1,2- disubstituted hydrazines 
in. approximately equal amount (by n.m.r. spectroscopy). 
This unexpected result,. together with the surprisingly complex ri.m.r. 
spectrum exhibited by 2-formyl-l-phenylhydrazine, suggested the need for 
more extensive characterisation of the latter material. Its formulation 
as the 1,2-isomer was supported by the observations that it failed to give 
the hydrazone derivative with acetone, and that acetylation with acetic 
anhydride followed by selective hydrolysis, gave l- ace tyl-l-phenylhydrazine 
(identified by comparison with an independently prepared sample) and no 
2-acetyl-1-phenylhydrazine; the attempted reduction to 2-methyl-1-phenyl-
hydrazine was, however, inconclusive (Experimental p. 151). The observed 
simplification, of both the proton and carbon-13 n.m.r. spectra of the 
prepared 2-formyl--1-phenylhydrazine at elevated temperatures indicated 
that the material was indeed a single compound in the form of two 
preferred conformational isomers. 
spectra is given on p. 63. 
A full discussion of these n.m.r. 
Separation of the product mixture of isomeric disubstituted 
hydrazines was attempted using three different methods (Experimental p. 153 
The coon feature of these methods was the attempted formation of a 
derivative of the 1,1-disubstituted isomer, such that the desired 
1,2-disubstituted hydrazine could be selectively isolated. The use 
of laevulinic acid (CH 3COCH2CH2CO2H) was based on the ability of keto-
carbonyl groups to form hydrazone derivatives with 1,1-disubstituted 
hydrazines. The dual functionality of this particular reagent enabled 
the unwanted derivative to be removed by base extraction; the method 
N\c 










proved to be quite successful, but the recovered 2-allyl-l-phenylhydrazine 
was contaminated with some unidentified impurities. The rationale for the 
use of acetophenone in the second method was similar to that for the use of 
laevulinic acid, except that in this case it was hoped to effect isolation of 
the desired hydrazine by distillation, leaving the high boiling acetophenone 
hydrazone derivative behind. In practice, the distillate was found to be 
contaminated with both acetophenone and the hydrazone derivative. The 
third method was of a rather speculative nature, and was based on the 
procedure reported by Hickinbottom 84 for the separation of aniline from 
its N-alkyl derivatives. 	(The method depends on the formation of an. 
almost insoluble complex of zinc chloride and aniline; under the aqueous 
conditions involved, N-alkylanilines do not form similar complexes.). 
However, adapting the reported procedure for the present purpose gave 
back the same mixture of hydrazines, but with an increased proportion of 
the unwanted component. 
The considerable success of the laevulinic acid and the acetophenone 
methods suggests that, in the general case, and on the larger scale where 
more refined distillation methods can be employed, the use of these 
reagents as described can afford a useful means of separating 1,2-
disubstituted hydrazines from their 1,1-disubstituted isomers. 
The isolation of approximately equal amounts of 1,1- and 1,2-
alkylated products from the alkylation of the sodium salt of 2-formyl-
1-phenyihydrazine suggests that proton abstraction by the base takes 
place indiscriminately. This probably reflects the fact that both 
anionic centres can be stabilised by delocalisation of charge (Scheme 55). 
The failure to achieve selective alkylatiori at N-2 indicated the 
need for a different approach, and the possibility of preparing and 
alkylating a suitable l-acyl-1-phenylhydrazine was examined. Attempts 
-61- 
to prepare such compounds (e.g. l-acetyl- and 1-ethoxycarbonyl-1-
phenylhydrazine) by treatment of the sodium salt of phenyihydrazine with 
the corresponding acyl chlorides gave mixtures of 1,1- and 1,2-acyl-
phenyihydrazines; diacylation was also observed in the case of acetyl 
chloride. (Michaelis and Schxxiidt
119 
 reported the formation of a similar 
mixture of products in the analogous reaction with benzoyl chloride.). 
I-Acetyl-l-phenylhydrazine was successfully prepared by treating 
2-formyl-i.-phenylhydrazine with acetic anhydride and then selectively 
120 removing the formyl group (Behrend and Reinsberg ). The identity of 
the product of this procedure was confirmed by comparison with an 
authentic sample of l-acetyl-i-phenylhydrazine prepared by the unambiguous, 
but also less direct, method of N-amination of acetanilide. The absence 
of any 2-acetyl-i-phenyihydrazine from the product of the former procedure 
reflects both the purity of the 2-forinyl-l-phenylhydrazine with respect to 
contamination with its 1,1-isomer, and the ability of the formyl group to 
direct further acylation to N-i by reducing the nucleophilicity of the 
nitrogen atom to which it is attached. The alkylation of 1-acetyl-1-
phenylhydrazine with allyl bromide was not examined in depth as the 
desired 2-allyl-1-phenylhydrazine had been prepared by another method 
(vide infra); however, the results of a cursory examination indicated 
that alkylation had occurred at N-2, a further example of the directing 
effect of the acyl substituent. 
It therefore appears that 1-acetyl-1-phenylhydrazine may be obtained 
in pure form by the method of Behrend and Reinsberg, 
120
without the need 
to resort to direct N-amination as described here (Experimental p.156 
or as described by Short 
121 (a very cumbersome procedure involving the 
action of sodamide on N-chloro-aniline). Furthermore, alkylation appears 
to proceed smoothly at the N-2 position alone. The alkylation of 1-acetyl-
1-phenyihydrazine seems to offer a convenient route to 2-alkyl-1-phenyl-
hydrazines and therefore to the corresponding azo-compounds. The 
mildness of the conditions suggests that the method may succeed where the 
-62- 
method of alkylation of the sodium salt of 1, 2-diformyl-l-phenylhydrazine 
fails (see below ), i.e. in the case of alkylating agents which undergo 
competing facile elimination.- 	 - 	 - 
The use of di-acylated hydrazines for the preparation of 2-alkyl-
1-phenyihydrazines was also examined (Experimental p.157 1.. 1, 2-Di-- 
acetyl-1-phenylhydrazine was prepared by the method of Widxnan. 122 
alkylation of the sodium salt of this material gave a- complex mixture ..df 
products. An unsuccessful attempt was made to separate the components 
of this mixture by column chromatography, and the method was not examined 
further. 
1, 2-Diformyl-1-phenylhydrazine was prepared by treating phenyl-
hydrazine with an excess of formic acid. 
123  The material displayed 
unexpectedly complex 1 H and 13 C n.m.r. spectra which could be rationalised 
in terms of conformational isomerism (see p. 64 ). Alkylation of the 
sodium salt of this compound with allyl bromide followed by hydrolysis of 
the product (Experimental p. 159) gave the desired 2-allyl-l-phenylhydrazine 
in 85% overall yield. 
l-Phenylazoprop-2-ene was readily obtained by the mercuric oxide 
oxidation of the prepared 2-allyl-l-phenylhydrazine. 
It is felt that the successful preparation of 1-phenylazoprop--2-ene 
has wider implications as a general means of synthesising 2-a.lkyl-l-
pheny1hydrazines and the corresponding azo-compounds. These hydrazines 
are most often prepared by reduction of the corresponding phenyihydrazones; 
the alkylation of the sodium salt of 1,2-diformyl-1-phenylhydrazine may 
offer an efficient and convenient alternative method. The alkylation 
procedure has been found to fail in the case of 2-chloropent-3-ene, but 
this is believed to be a reflection of the sensitivity of the alkylating 
agent towards elimination (see p. 76, Experimental p. 189 ) rather than 
indicating a. significant defect in the general method. The alternative 
alkylation of l-acetyl-l-phenylhydrazine may conceivably be successful 
in such cases. 	- 
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The 1H and 13 C N.m.r. Spectra of 1,2-Diforniyl-i-Phenylhydrazine and 
2-Formyl-l-Phenyihydrazine. 	 - 
As-already mentioned, the 1 R n.m.r. spectra of 1,2-diformyl-l-
phenyihydrazine and 2-formyl-l-phenylhydrazine were more complex than 
expected... The 1 H n.m.r. spectra of l,2-diformyl-l-phenylhydrazine 
in-,a-variety of solvents at 25°C' showed a. common feature in that in 
each case four. singlets were observed between 5 8.0 and 9.0 p.p.m., 
the region in which the formyl proton resonances were expected to 
appear.. These signals were best resolved when acetic acid was used 
as solvent, and were observed as. two sets of doublets as shown in 
Scheme. 56. The 1a. n.m.r. spectra of 2-formyl-l-phenylhydrazine in 
the same solvents did not exhibit any identifiable recurring spectral 
pattern, for the forinyl proton; the appearance of the spectra was 
significantly influenced by individual, solvents. 
The close similarity in the behaviour of these two hydrazines 
in the n.m.r. experiment was only appreciated by examination of the 
corresponding 13C n.m.r. spectra. The 13C n.m.r. spectrum of 2-forinyl-
1-phenylhydrazine at 25°C had ten lines, and that of 1,2-diformyl-l-
phenylhydrazine showed thirteen distinct lines. The observation that 
the expected number of resonances were present at suitably elevated 
temperatures indicated that the complicated n.m.r. spectra displayed 
by these compounds at room temperature, resulted from the slow inter-
conversion of a mixture of conformers rather than from the presence 
of a mixture of isomers. 
This unexpected observation brings to mind the case of the 1H 
n.m.r. spectrum of N,N dimethylforTnmi-de (12) which shows two methyl 
group resonances while only one is expected, assuming, unrestricted 
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restricted rotation about the N-CO bond which is attributed to .a strong 
contribution of the dipolar form (13). The effect of this is that the 
methyl groups experience different electronic environments and hence 
there is a. chemical shift difference between, them. The barrier to 
rotation can be overcome by raising the temperature and the methyl group 
signals are. found. to coalesce at 148 °C (60 LlHz) 124 
The formal similarity between the formyl phenyihydrazines and 
N,N-dimethylformaxnide is illustrated by comparing (12) and (14). By 
analogy with N,N-dimethylformmide confórmational isomerism is possible 
for the formyl phenyihydrazines. Assuming unhindered rotation about 
the N-N bond, two conformations are possible for 2-formyl-l-phenylhydrazine 
(Scheme 57) and four conformations are possible for 1,2-diformyl-1-phenyl-
hydrazine (Scheme 58). 	(The assumption of unrestricted rotation about 
the N-N bond in this case is supported by the observations of Bishop 
125 
et al. 	who reported that there was no barrier to rotation about the 
N-N, bond of (15) at 4 ± 5°C; as the substituents in the present case 
are significantly less bulky, it might reasonably be expected that the 
minimum temperature at which free rotation about the N-N bond can occur 
would be significantly lower.) The presence of only four formyl proton 
resonances in the spectrum of 1,2-diformyl-l-phenylhydrazine indicates 
that, in the absence of any accidental equivalence, only two of the 
conformations contribute. The observation of twice the expected 
number of 13C resonances also supports this view. The presence of a 
fifth line in the C=O region of the 13C n.m.r. spectrum suggests that 
another conformer also contributes but to a minor extent. Accidental 
equivalence is not a common phenomenon in 13C n.m.r. spectra unlike 
the case of 1 R n.m.r. spectra where, because of the small range of 
chemical shifts exhibited by the protons of most organic molecules, the 
508•7 
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probability of accidental equivalence occurring is much higher. 
Reference to a space-filled model of 1,2-diformyl-l-phenylhydrazine 
incorporating coplanarity of the 7-system of the N-C=O unit, suggests 
that the most favourable conformations from steric considerations are 
(A) and (B) of Scheme 58, (A) being preferred since the substituent 
interactions are minimised. The only difference between these conformers 
is in the orientation of the N-i formyl group. As the temperature is 
raised to the coalescence temperature (110-120 0C), the two pairs of 
singlets in the 1H spectrum are replaced by one pair of singlets, the 
result of surmounting. the restrictions on rotation about the N-CO bonds. 
The chemical shifts of these singlets in the coalesced spectrum enables 
the formyl proton contributions in 'the original spectrum to be identified. 
The changes in the 1 H n.m.r. spectrum of 1,2-diformyl-l-phenylhydrazine 
in ethylene glycol solution and the assignments of the corresponding 
protons in the original spectrum, are shown in Scheme 59. The relative 
intensities of the signals in the proton spectrum at 25 °C indicate that 
resonances 1 and 3 are due to the conformer making the greater contri-
bution, and that resonances 2 and 4 are due to the less favoured conformer. 
Signals 1 and 2 are due to one of the formyl protons, and signals 3 and 4 
are due to the other. These assignments are based on the observed chemical, 
shifts of the formyl protons in the coalesced spectrum: signal 3 cannot 
be paired with signal 2 since the chemical shift of the resultant singlet 
after coalescence would be intermediate between the values of 508.7 and 
471.9 Hz observed at 25°C, and not outwith that range as found. 
The observed 
1 
 H and 
13
C n.m.r. spectra of 1,2-diformyl-l-phenyl-
hydrazine could also be rationalised in terms of the hydrogen-bonded 
conformations shown in Scheme 60, and reference to a space-filled model 
suggests that both conformations are attainable, and that hydrogen 
-66- 
bonding is indeed possible. Analogous conformations are also possible 
for (15) but Bishop et al -125 have shown that.unrestricted rotation about 
the N-N bond of (15) occurs at, and above, 4 ± 5°C. As has already been 
said, it is reasonable to assume that effectively unhindered rotation can 
occur in the case of the present hydrazine; the hydrogen-bonded conformers-
cannot then have any existence over the temperature range of the n.m.r. 
study at least (25-1200C). These conformers might, however, be expected 
to make some contribution to the spectrum at lower temperatures. 
In summary, the 
1 
 B and 
13C n.m.r. spectra of 1,2-diformyl-l-phenyl-
hydrazine, may be interpreted in terms of the existence of two preferred 
conformations which. is the result of restricted rotation about the C-N 
bond of the N-formyl groups. These conformations have been formulated 
as (A) and (3) of Scheme 58, contributing in the ratio of 2.6:1, based 
on the integration ratios of the formyl proton signals in the 1 H n.m.r. 
spectrum at 25°C (100 NBz; acetic acid-d3 ). The barrier to free 
rotation about. the N-CO bonds can be surmounted by heating the solution 
and above the coalescence temperature, the expected spectrum can be 
observed. Similar arguments apply to the n.m.r. spectra of 2-formyl-l-
phenyihydrazine, and again, the expected spectrum is observed at elevated 
temperatures. The preferred conformation in this case is probably (A) 
in Scheme 57, with both contributing in a simi1r ratio to the conformers 
of 1, 2-diformyl-1-phenylhydrazine (based on the less accurate method of 
comparing the signal ratios of the 
13C n.m.r. spectrum with those of the 
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The Preparation and Oxidative Rearrangement of 1- (Pent-3-en-2-yl) -1-
Phenyihydrazine 
This study was undertaken as a preliminary examination of the 
possibility of achieving asymmetric induction by rearrangement of the 
diazene derived from the oxidation of an optically active hydrazine as 
shown in Scheme 61. The realisation of this aim was of particular 
interest in that it appeared to offer a solution to the problems encountered 
by Hunter 
126  in the attempted preparatLonof a phenylazoalkane having a 
chiral centre at the a-carbon atom. Hunter's aim in attempting to 
prepare such a species was to study the kinetics of the base-catalysed 
isomerisation of this phenylazoalkane to the corresponding phenyihydrazone, 
believed to occur by the mechanism shown in Scheme 62. By monitoring the 
decrease in optical rotation by polarimetry, it was envisaged that the 
progress of the rearrangement could be conveniently followed (N.m.r. and 
U.V. spectroscopy were considered unsuitable tools for following the 
course of the isomerisation). Each of the approaches to the problem of 
synthesising the necessary optically active phenylazoalkane which were 
examined by Hunter failed in their fundamental stages. 
As a. compromise, Hunter studied the base-catalysed isomerisation of 
optically active 2-phenylazobornane (16) [Prepared by the reduction and 
subsequent oxidation of the phenylhydräzone derivative of (+) -camphor 
(17) } but this was a far from ideal system, since the product, camphor 
phenylhydrazone (18), had a non-zero optical rotation and was also 
unstable under the reaction conditions giving rise to further changes 
in the optical rotation. In view of the complications in the use of 
this system, it was felt that a meaningful interpretation of the results 
of an experiment of this type could only be achieved by the use of a 
simple phenylazoalkane which would rearrange to give the corresponding 
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subsequent reaction of the phenylhydrazone would not affect the optical 
rotation. In selecting a suitable phenylazoalkane substrate, it was, 
considered important that the proton which was to be abstracted by the 
base should not be so acidic that rearrangement could occur spontaneously 
in the. absence of base. Thus,- the nature of the substituent on the 
chiral cs-carbon atom was important; for example, it was felt that a: 
phenyl substituent was. undesirable. 
As mentioned in the Introduction, Yamamoto et a1 71 in 1973 reported 
the transfer of chirality from tetrahedral carbon to trigonal carbon in 
the allylic rearrangement of (R) -N,N-diinethyl- 3- (1-phenyl-- trans -but-i-
enyl) amine oxide as shown in Scheme 20 Csee p. 17 ) and it was hoped that 
a. similar result could be achieved in the case of the chiral diazene as 
shown in Scheme 61. 
It was anticipated that it would be advisable to reduce the carbon-
carbon double bond of the allylic. azo-compound for two reasons: firstly 
to avoid the complication of rearrangement of the allylic substituent 
competing with the rearrangement under examination (Scheme 63), and 
secondly, to remove the unnecessary complication of potential geometrical 
isomerism in the C = C bond. The optically active azo-compound prepared 
by the proposed synthetic route would therefore be of the type (19). 
The importance of the nature of the substituent R has already been 
alluded to above; this consideration therefore influenced the structure 
of the hydrazine chosen for the proposed oxidative rearrangement, 
namely 1- (pent-3 -en- 2-yl)-l-phenylhydrazjne (20). 	It was considered 
that this choice of allylic substituent in the diazene would not introduce 
any sterically derived energy barrier to the occurrence of the desired 
rearrangement, since Baldwin et a1 61 had shown that the hydrazine (21) 
underwent oxidation smoothly to give the corresponding azo-compound in 
70% yield. 
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It was intended to prepare the required hydrazine by the method which 
had been successfully applied to the synthesis of a number of related 
hydrazines (see p.. 28), namely by alkylation of the sodium salt of phenyl-
hydrazine with a suitable alkylating agent (Experimental pp.130-131). 
The preparation of the necessary pure, optically active, alkylating agent, 
2-chloropent-3-ene, is well, documented in the literature-
127-,128 
 and. 
involves the treatment of the optically active alcohol with phosphorous 
trichioride. The alcohol may be readily resolved by esterification with 
phthalic anhydride, formation of the brucine salt of the remaining 
129 
carboxylic acid moiety 127, 
	(only one enantiomer reacts with brucine 
under the conditions used), and regeneration of the alcohol from the phtha1at 
by hydrolysis 
127  or by reduction with lithium aluminium hydride. 129 
Scheme 64 summarises the proposed approach for the examination of 
the kinetics of the base-catalysed isomerisation of phenylazoalkanes to 
the corresponding phenyihydrazones, following successful stereospecific 
rearrangement of the diazene. 
Preparation of 1- (Pent-3-en-2-yl) -1-Phenyihydrazine 
The preliminary experiments on the oxidative rearrangement of 
1- (pent-3-en-2-yl) -1-phenyihydrazine described below, were carried out 
on racemic samples of the hydrazine prepared by alkylation of the sodium 
salt of phenylhydrazine with a freshly prepared sample of racemic 2-
chloropent-3-ene (Experimental p.170). 	Satisfactory n.m.r. spectral 
data was obtained for the hydrazine prepared in this way, but on several 
occasions the n.m.r. spectrum of the alkylation product suggested the 
presence of residual phenylhydrazine. However, even in those cases 
where the alkylation product was apparently free from phenyihydrazine 
it was considered desirable to purify the hydrazine further. To this 
end, it was hoped to employ the purification procedure already described 
(Discussion p.30 ), namely that of hot benzene extraction of the hydrochioridi 
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derivative, of the alkylation product. 	 . V 
The .hydrochloride derivative was prepared in the usual way bypassing 
a.-stream of dry hydrogen chloride gas through a solution of the crude 
hydrazine in ether at 00C.. The infra-red spectrum of the unpurified - 
white solid so obtained showed absorptions in the same region as those 
taken to be' diagnostic for the' presence of phenyihydrazine hydrochloride 
- 	-L 	 - 	' V (-v 887 and. 857 cm ;. Discussion p.. 31 )... The intensity of these 
V 
- absorptions appeared to be too great to be due solely to phenylhydrazine- 
V. ''hydrochloride - since the n.m.r.. spectra of the crude hydrazine did not 	
V 
'suggest the presence of significant amounts of phenyihydrazine. Further - 
re, the possibility that the absorptions were due entirely, to phenyl-
hydrazine hydrochloride formed during the preparation of the hydrochloride 
derivative in a manner analogous to that described earlier (Discussion 
P__ 34 ) and not to the hydrochloride derivative of the alkylation product, 
was ruled out on the basis of the outcome of a control experiment in which 
the crude 1- (pent-3-en-2-yl) -1-phenyihydrazine was recovered unchanged after 
basic work-up of the hydrochloride derivative prepared at 0 0C. . The method 
of establishing the purity of the product obtained from the alkylation of 
the sodium salt of phenyihydrazine by examination of the infra-red spectrum 
of the hydrochloride derivative for the presence of absorption bands 
characteristic of phenylhydrazine hydrochloride, could therefore not be 
applied to the present case. A further complication arose when it' was 
discovered that the hydrochloride of 1-(pent-3-en-2-yl)--l-phenylhydrazine 
could not be recrystallised from benzene without undergoing rearrangement 
and decomposition (Experimental pp. 174-179). 
Successive extraction of a sample of the crude hydrochloride with 
benzene gave a white solid on evaporation of the solvent. Basification 
of this solid gave a yellow liquid which was shown by n.m.r. spectroscopy 
-71- 
to,be a mixture of the expected 1- (pent-3-en-2-yl)-l-phenylhydrazine and 
another species (the major component) also having, the pent-3-en-2-yl 
substituent. Later observations suggested that this second component 
was 2-(pent-3-en-2-yl)-1-phenylhydrazine (see below).. The residue of 
the extraction procedure, a white solid, was basified and a brown liquid 
was recovered which was shown by n.m.r:. spectroscopy to be a mixture of 
phenylhydrazine and a. very small amount of I- (pent-3-en-2-yl) -1-
phenyihydrazine. The amount of phenylhydrazine recovered in this way 
corresponded to a contamination in the crude 1- (pent-3-en-2-yl) -1-
phenylhydrazine of 17% by weight (26 mole %). This result contrasted 
markedly with the appearance of the n.m.r. spectrum of. the crude hydrazine; 
comparison of the integral of the aromatic region with that of the methyl 
region gave no indication-that any significant amount of phenyihydrazine 
was. present. 
Continuous benzene extraction of another sample of the crude 
hydrochloride over a period of three days gave a white solid (on evaporation 
of the solvent) which yielded a yellow-brown liquid after basification. 
N.m.r. and infra-red data on this liquid, together with the observation 
that it readily underwent oxidation in air (Experimental p. 176 
suggested that it was 2-(pent-3-en-2-yl)-l-phenylhydrazine. The mass 
spectrum of the liquid showed a parent ion of m/e 174 instead of the 
expected 176 for the disubstituted hydrazine, a further indication of 
the ready oxidation of the material. Complete oxidation of the liquid 
was readily achieved using yellow mercuric oxide; the signals observed 
in the n.m.r. spectrum of the product were later observed in the spectrum 
of the oxidation product of 1 - (pent-3-en-2-yl)-l-phenylhydrazine and 
were attributed in both cases to 2-phenylazopent-3-ene. Thus the 
material recovered from the recrystallised hydrochloride is 2-(pent-3-en-
2-yl)-1-pheriylhydrazine. Further continuous extraction with benzene for 
--72-- 
a period of seven days, failed to produce any more of the white solid; 
instead,. a viscous brown oil was obtained (on evaporation of the solvent) 
which could not be characterised either in this condition or after treatment 
with base (Experimental. p.. 175 and p. 177). However, a brief examination 
was made-into the. possible origin of. this oil. Benzene solutions of crude 
i-(pent-3-en-2-yl) -l-phenylhydrazine and the material recovered after 
basIfication of the- extraction residue (see below) were heated under ref lux, 
in, air,- for one week: the former solution gave back the hydrazine unchanged, 
- and. the latter. gave mainly. 2-phenylazopent-3-ene (the product of air 
- oxidation), thereby demonstrating that the oil was not simply derived from 
• the- - in situ loss of hydrogen chloride from the crude hydrazine hydrochloride 
or- from the 'rearranged' hydrazine hydrochloride (i.e. the extraction residue 
The residue of the extraction procedure was a white solid which, on-
treatment with base, gave a liquid which was identified by n.m.r. spectros-
copy as a mixture of 2-(pent-3-en-2-yl)-1--phenylhydrazine and phenyihydrazine 
(ca. 30%). The observed phenyihydrazine content corresponded to a contamin-
ation. of 7% by weight (ca. 11 mole %) in the original crude 1-(pent-3-en-2-yl 
1-phenyihydrazine. This degree of contamination was considered to be 
greater than that suggested by the appearance of the n.m.r. spectrum of the 
crude alkylation product, and would appear to support the inference from 
the results of successive benzene extraction (see p. 70 ), that phenyl-
hydrazine hydrochloride is generated during the extraction process. 
Further support for this suggestion came from the results of two more 
continuous extraction experiments. 	In these instances, - however, no 
crystalline material was recovered from the benzene extract, instead the 
residues from the extracts were treated with base, to give liquids which 
could not be characterised (by n.m.r. and infra-red spectroscopy) in terms 
of the original material.. 
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Reyst.1jsatjonof the crude hydrochloride from ethanol was also 
- examined (Experimental p... 1771.. Crystallisation was promoted by the 
addition of ether; the material precipitated by this process was 
significantly different to that recovered by evaporation of the mother 
• liquor. Basification of-the former gave a liquid whose n.m.r. spectrum. 
suggested the presence of phenyihydrazine and a small amount of material 
containing the pentenyl. substituent,. while basification of the latter 
,material. gave a liquid which was identified as 2-(pent-3-en-2-yl)-j.-
phenyihydrazine.The recovery of phenyihydrazirie gave further support 
the view that phenylhydrazine. hydrochloride formation accompanied 
the rearrangement of 1- (pent-3-en-2-yl)-.l-phenylhydrazjne hydrochloride 
to 2- (pent-3-en-2-yl) -1-phenyihydrazine hydrochloride. 
The attempted recrystallisation of the crude hydrochloride from 
water also resulted in the formation of 2- (pent-3-en-2-y1)l_.pheny1_ 
hydrazine hydrochloride (Experimental p. 179). 
This. rather superficial examination of the recrystallisa -tion of 
the crude hydrochloride of 1- (pent-3-en-2-yl) -l-phenylhydrazine from 
benzene and from ethanol suggests that rearrangement of the hydrochloride 
takes place to give 2- (pent-3-en-2-yl)-1-phenylhydrazine hydrochloride, 
and that phenyihydrazine hydrochloride and a mixture of intractable 
substances are also produced. Three possible mechanisms for the 
formation of the rearranged hydrochloride are shown in Schemes 65, 66, 
and 67. 	In each case it is implied that the hydrochloride of 2- (pent-3-en- 
2-yl)-l-phenylhydrazine is more stable than the hydrochloride of the 
1,1-disubstituted isomer, and that, once formed, it is stable with 
respect to the reverse rearrangement (Scheme 65), and to the dealkylation 
process (Schemes 66 and 67). This in turn implies that the driving force 
for the occurrence of the processes shown in Schemes 65, 66, and 67 is the 
relief of steric strain in the hydrochloride of 1-(pent-3-en-2-yl)-1- - 
phenyihydrazine. Schemes 66 and 67 allow the formation of phenyihydrazine 
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hydrochloride. Scheme 67 is based on the work of Cram and Sahyun 130 
who found that 2-phenylbut-2-ylhydrazine decomposed in glacial acetic 
acid. at 50°C in the presence of 27toluenesulphonic acid to give 
hydrazine. and a mixture'. of cis-. and trans-2-phenyl-but-2-ene and 
2-phenylbut-l-ene (Scheme 68).. Eegarty 131 suggests that the 
dealkylation process shown in Scheme 68 is favoured by the ability of" 
.the. alkyL substituent' to form , a stable carbonium ion; clearly,, this 
criterion is met in the. present case. 	(This' type of dealkylation is:. 
also known to occur with the hydrochlorides of N- substituted anilines - 
see below, p.,, 86). 	Further' detailed examination of' the'system' would 
be, required before it could be decided which of these' proposed mechanisms 
operates'.  
Further: examples of unexpected-behaviour involving the pent-3-en-2-
y.l substituent are given below (see pp. 84-87) . 
The Oxidative Rearrangement of 1- (Pent-3-en-2-yi) -1-Pheny1hydrazine 
In view of the repeated failure of the hydrochloride recrystallis-' 
ation procedure to effect purification of the crude hydrazine, the oxidation 
experiments were carried out on samples of 1- (pent-3-en-2-yl) -l-phenyl-
hydrazine which were judged by n.rn.r. spectroscopy to be pure with respect 
to contamination with phenyihydrazine. 
The oxidation with yellow mercuric oxide was first examined, and a 
mobile orange- yellow liquid was obtained (Experimental p.181 ). The 
experiment was repeated several times, and on each occasion oxidation 
appeared to occur immediately; on several occasions gas appeared to be 
evolved when the hydrazine was added to the oxidising agent. The same 
oxidation product was obtained in each case as judged by n.m.r. spectros-
copy. The most striking feature of the n.m.r. spectra of these several 
oxidation products was the presence of two different sets of signals 
attributable to the pent-3-en-2-yl substituent, indicating that the 
- .... 	 . 	 '-75- 	 -. 
.- -,oxidation product contained more than one species. Al]. attempts to 
separate- the components of this mixture by conventional, column' chromato-
gaphy were unsuccessful. Examination of. the' material by high pressure 
l'Iquid. chromatography Ch.p.1.c..). showed that the mixture consisted of 
two major compänents, present in the ratio of 1.35:1,. and three very 
minor components present in less. than 1%... The infra-red spectrum of 
the oxidation product showed no absorption in the N-a region, supporting' 
-' the view that complete oxidation had been achieved. The mass spectrum 
supported the presence' of' the expected product, 2-phenylazopent-3-ene' 
[m/e. 174 (P) and 159 (P_CH 3 )J but gave no particular indication as to 
the identity of the second major component; weak peaks were observed at 
- m/e 242 and 227 but these were thought to be due to pent-3-en-2-one 
I- (pent-3-en-2-yl) -1-phenyihydrazone (22) formed in the course of the 
oxidation. either from the diazene (cf. Introduction P. 14 ) or by 
oxidation of 1, 2-di (pent- 3 - en- 2-yl) -1-phenyihydrazine (the mass spectrum 
of the diazene precursor' did show a weak peak at m/e 244, suggesting 
the presence of the dialkylated phenyihydrazine). 
Oxidation of 1- (pent-3 -en- 2-yl) -1-phenyihydrazine under homogeneous 
conditions using lead tetra-acetate (Experimental p. 184) and £-benzo-
quinone (Experimental p.18 4 ) gave the same mixture of products as had 
been obtained from the oxidations with yellow mercuric oxide. (The 
reasons for the choice of -benzoquinone as an alternative oxidising 
agent are discussed below - see p. 83 ). 
The Attempted Characterisation of the Oxidation Products from 1-Pent-3-
en- 2-yl-l-Phenylhydrazine 
The expected product of oxidative rearrangement was 2-phenylazopent-
3-ene and in an attempt to establish the presence of this compound in the 
oxidation product, two attempts were made to prepare an authentic sample 
by an unambiguous route. It was intended to prepare the azo-compound by 
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oxidation of 2- (pent-3-en-2-yl) -1-phenyihydrazine, and it was hoped that, 
to this end, the hydrazine could .be readily obtained via the alkylation 
of the sodium salt of 1,2-diformyl-l-phenylhydrazine with 2-chloropent-3-
ene (This approach had been successfully employed in the preparation of 
1-phenylazoprop-2-ene - seep.. 62 ). However, the n.m.r. spectrum of 
the: alkylation product (after removal of the protecting formyl. groups) 
did not give an integration ratio which was consistent with the expected 
product although it did indicate the presence of the pent-3-en-2-yl 
substituent; the spectrum could not be reconciled with that of the 
hydrazine obtained via the rearrangement of 1- (pent-3-en-2-yl) -1-
phenyihydrazine hydrochloride (see p. 711 •. The alkylation of the 
sodium salt of 2-formyl-l-phenylhydrazine was also unsuccessful 
(Experimental p. 189). 
The contrasting behaviour of 'allyl bromide and 2-chloropent-3-ene 
in these. two alkylation reactions may conceivably be explained in terms 
of a. tendency for competing 0-alkylation to occur in the alkylation with 
the more bulky 2-chloropent-3-ene: 0-alkylation may be seen as occurring 
either directly, or indirectly by rearrangement of the N-alkylated 
product (Scheme 69). Hydrolysis of the 0-alkylated material would give 
phenyihydrazine; this would agree with the observation that the integration 
of the N-B proton signal in the n.m.r. spectrum of the hydrolysis product 
was larger. than expected. 	(Similar mechanisms have also been invoked 
to explain the apparently complex course of the alkylation of the sodium 
salt of acetanilide with 2-chloropent-3-ene - see p.  85 ). Furthermore, 
a facile elimination pathway may be envisaged for 2-chloropent-3-ene 
(Scheme 70) which is not open to simple allyl halides. 
Although these attempts to prepare 2-(pent-3-en-2-yl)-l-phenyl-
hydrazine and thence 2-phenylazopent-3-ene by unambiguous methods were 
• 	unsuccessful, it will be remembered that: these two species had already 
• been obtained via, the rearrangement of 1- (pent-3-en-2-yI)'-l-phenyl- 
• hydrazIne hydrochloride in benzene-solution (see above .: 71 ).• The 
formulation of the recrystallised hydrochloride as 2- (pent- 3-en-2-yl) 
1-phenyihydrazine hydrochloride was based on the fact that although the 
mass. spectrum of this recrystallised material showed. a parent ion of 
u/e 176 as; expected for the hydrochloride of 1- (pent-3-en-2-yl)-l- 
phenylhydrazine, basificatIon: gave a. liquid whose n.m.r. spectrum was, 
quite different to that of the crude 1,1-disubstituted hydrazine but 
• - still. exhibited the expected integration. Furthermore, this liquid was 
found to be sensitive to air oxidation giving a mobile liquid having a. 
mass spectral. parent ion of m/e 174, suggesting that the oxidation product 
was 2-phenylazopent-3-ene;. the n.m.r.. spectrum of the oxidation product 
supported this assignment. 
Comparison of the n.m.r. spectra of the oxidation product of 
1- (pent- 3-en- 2-yl) -l-phenylhydrazine and of the oxidation product referred 
to in the preceding paragraph (2-phenylazopent-3-ene) showed that all the 
signals of the latter spectrum also occurred in the former. Thus the 
formation of 2-phenylazopent-3-ene in the oxidative rearrangement was 
confirmed. Independent support for the presence of 2-phenylazopent-3-ene 
was supplied by the results of catalytic hydrogenation of the oxidative 
rearrangement product (see p. 79 ). 
While it is unfortunate that an unambiguously prepared authentic 
sample of 2-phenylazopent-3-ene was not available, it is felt that the 
spectral data described above provides sufficiently strong evidence 
that the oxidative rearrangement of 1- (pent-3-en-2-yl) -1-phenyihydrazine 
does in fact result in the formation of 2-phenylazopent-3-ene. 
Turning to the problem of the second component and its possible 
relation to 2-phenylazopent-3-ene, a significant pointer was supplied 
by the n.m.r. spectrum of the oxidation product which indicated that the 
-78- 
unidentified. component contained both the phenyl and the pent-3-en-2-yl 
substituents in. the . same ratio as in 2-phenylazopent-3-ene i.e.. a 1:1 
ratio'... In the first approach to the problem,. two types of geometrical 
isomerism were considered.  
• -: The possibility that the product was a. mixture of the cis- and 
trans-isomers (with respect to the N=N bond) of 2-phenylazopent-3-ene 
was considered unlikely as. it would involve isomerisation of the 
initially- formed trans-isomer to the thermodynamically less stable cis-
Isomer.. Support for this view came from the fact that oxidation of 
2-(pent-3-en-2-yl)-l-phenylhydrazine (see p.71 	; Experimental p. 176 
to 2-phenylazopent-3-ene under similar reaction conditions gave only a 
single species.. 
In- view of the absence from the literature of reports describing 
the competing formation of. alternative products in the oxidative 
rearrangement of allylic l-alkyl-l-phenylhydrazines . (i.e. products 
other than the expected azo-compounds; cf. References 4 and 61), 
another possibility for geometrical isomerism appeared attractive, 
namely isomerism about the C=C bond. It was envisaged that such 
geometrical isomerism about the C=C bond could-arise by two distinct 
suprafacial-suprafacial transformations, which differed only in the 
direction of the attack by the diazene' function on the double bond: 
one was seen as involving a top-side approach, while the other was 
seen as involving an under-side approach. These two possibilities 
are illustrated by the bold arrow and by the dotted arrow respectively 
in (23); the allylic substituent is represented in its trans-form 
since the alkylating agent was derived from trans-pent-3-en-2-ol. 
The use of Newman projections offers a clearer illustration of the 
two processes, and the preferred conformations' (i.e. those which enable 
the most favourable overlap of the participating orbitals are represented 
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• in. (24). and (25). The projections are drawn with the C 2-C3 bond as 	- 
axis (numbering from N-1 of the parent hydrazine), and the conformers may be 
interconverted by rotation about this bond.. The two geometrically isomeric. 
azo-compounds which would be formed in these two competing processes are 
illustrated as (26) and (27), derived from (24) and (25) respectively. - 
The. proton n.rn.r. spectra of these. species would be expected to be very 
similar, and to display only small differences in chemical shift values 
for - corresponding protons. The. observed n.m.r., spectrum of the oxidation 
product suggested the presence of two components bearing the pentenyl 
substituent with the methyl group resonances appearing to be equivalent.. 
Reference to the structures of the proposed azo-compounds (26) and (27) sugge 
that the most significant differences in electronic environment between one 
geometrical isomer and the other, will be experienced by the aliphatic 
methine. proton and the olefinic proton on C 3 of the pentenyl moiety. The 
most significant differences between the two components of the oxidation 
product in terms of the observed n.m.r. spectrum, were in the chemical 
shifts of the signals attributed to the aliphatic methine proton 
(1 0.4 p.p.m.) and the olefinic protons (A Ca. 0.25 p.p.m.). 	This 
interpretation is therefore consistent with the experimental evidence so 
far presented. 
It was proposed to test this interpretation further by subjecting the 
oxidation product to catalytic hydrogenation in order to eliminate the 
possibility of geometrical isomerism; it was anticipated that this 
procedure would give 2- (pent-2-yl) -l-phenylhydrazine (28) which could 
be re-oxidised to give 2-phenylazopentane (29) as the only product. 
A micro-hydrogenation experiment was performed (Experimental p. 186) 
and the uptake of hydrogen was found to continue well beyond the volume 
expected for 2 mole equivalents. It was inferred from the continued 
uptake of hydrogen beyond the calculated amount, that further reduction 
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- 	of the disubstituted hydrazine, probably to give aniline and - pent-2- 
. yiamine, was taking place. When the reduction was repeated ona 
• larger. scale (Experimental p. 186) the uptake of hydrogen was stopped 
after two mole equivalents had been consumed.. Examination of the 
product by infra-red and n.m.r.. spectroscopy indicated that all the 
2-phenylazopent-3-ene (i.e.. that component of the oxidation product 
which. had been formulated as being the expected azo-compound on the 
basis; of': other. evidence - see above p. 77 ) had been reduced to give 
2- (pënt-2-yl) -l-phenylhydrazine (28). and 2-phenylazopentane (29);. the 
product of 'air oxidation of the initially formed hydrazine. 	(An 
authentic; sample of the saturated hydrazine was found to undergo facile 
oxidation in air). The n.m.r.. spectral evidence also suggested the 
presence of 2- (pent-3-en-2-yl)-l-phenylhydrazine (30).. The fate of' the 
second component of the oxidation mixture, whose identification had been 
the purpose of this experiment, was unclear as the region of the n.m.r.. 
spectrum in which its most characteristic signals had been observed, was 
now obscured. However, signals were observed in the olefinic region 
even after hydrogenation; whether these signals belonged wholly to 
unreduced 2- (pent-3- en- 2-yl) -1-phenyihydrazine or were due in part to 
the presence of some of the residual second component (or a product 
derived therefrom) could not be determined. The mass spectrum of the 
hydrogenation product supported the assignments described: nile 178 (28), 
ni/e 176, 175 (29 and 30). 	The other significant peaks could be assigned 
as follows: nile 163, 162 (31), ni/e 161 (32), ni/e 148, 147 (33 ?), nile 
146, 145 (34 ?) and ni/e 93, 92 (35 ?). 	The apparent formation of (31) 
and (32) in the hydrogenation experiment may be construed as indicating 
the presence of 1,2-di(pent-3-en-2-yl)-1,2-diphenylhydrazine or the 
corresponding tetrazene in the oxidation product;' however, such 
assignments, based on mass spectral evidence alone can only be regarded 
as speculative, and even if the proposed species is present, no reliable 
inference as to the extent of its presence can be made. 
The outcome of this examination of the oxidation product mixture 
can therefore only be regarded as inconclusive in terms of the original 
- objective. The complex nature of the product obtained, even under the 
conditions of controlled hydrogenation, suggested that there was little 
- purpose • in pursuing this approach further.. Thus, the results. of this 
piece of work cannot be regarded as confirming or refuting the original 
suggestion that. the product of. oxidative rearrangement of 1-(pent-3-en-2-
yl)-l-phenylhydrazine was a mixture of the two geometrical isomers of 
2-phenylazopent-3-ene .- 	 .: 	 .• . 
In view of the inconclusive outcome of this approach to the problem 
of identifying the second component. of the oxidation product, alternative 
explanations were considered. Thus several products,. which precedent 
suggested might be formed from the diazene intermediate, either directly 
or from the decomposition or rearrangement of these primary products, and 
which were consistentwjth the inference drawn from the n.m.r. spectrum 
of the oxidation product (namely, that the second component contained, both 
phenyl and pent-3-en-2--yl substituents in a 1:1 ratio - see p.78 ) were 
considered in this context. These were: pent-3-en-2-.one phenylhydrazone 
(36) formed either directly (Introduction p. 14 ) or by rearrangement of 
the initially formed 2-phenylazopent-3-.ene , 1,4-di(pent-3-en-2-yl)-1,4--. 
diphenyltetraz-2-ene (37), N- (pent- 3-en- 2-yl) aniline (32), 1,2-di (pent-
3-en-2-yl)-1,2-diphenylhydrazjne (38), and 2-phenylpent-3-ene (34). It 
was hoped to prepare authentic samples of each of these compounds so that 
comparisons with the oxidation product could be as direct as possible. 
The possibility that the second component of the oxidation product 
was pent-3-en-2-one phenyihydrazone was supported by the fact that 
several reports of the rearrangement of diazenes to the corresponding 
hydrazones appear in the literature 	(Introduction p.14 ). 
Hyd.razone formation has not however been reported to occur in the 
4,61 rearrangement of allylic diazenes 	and it will be remembered that 
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examination of the product derived from the oxidation of l-allyl-i-
phenyldiazene revealed no trace of the corresponding hydrazone (see p. 43,44) 
nevertheless, it was felt necessary to examine the possibility. It was 
• . anticipated that during its-formation, the hydrazone might undergo 
- cyclisation to give the corresponding pyrazoline (39);. this process 
- is, known to occur in, the case of acrolein phenyihydrazone (see p.43 ). 
For: this reason, and- in. the belief that the cyclisation might be thermally 
induced-, the authentic. sample. of 3-pent-en-2-one phenyihydrazone was 
- 	prepared by carrying out the condensation of pent-3-en-2-one with 
phenylhydrazine at room temperature (Experimental p.190 ). The n.m.r. 
spectrum of the material prepared in this way was quite incompatible with 
that of' the second component of the oxidation product.. For example, the 
single most characteristic signal in the n.zn.r. spectrum exhibited by the 
second 'oxidation product (in the sense that the other signals of this 
species were obscured by those of 2-phenylazopent-3-ene) was the multiplet 
at 5 4.5-5.0 p.p.m.. attributed to the aliphatic methine proton 
(-CU(CH 3 )-CH=CH.CH3); the n.m.r. spectrum of the prepared hydrazone 
displayed no signals in this region. 	(The corresponding signal was 
observed- as a multiplet at & 3.0-3.5 p.p.m.). 	It was therefore concluded 
that the unidentified oxidation product was not pent-3-en-2-one phenyihydrazo 
Support for the possibility that the second oxidation product was the 
corresponding tetrazene (37) came from. examination of the n.m.r. spectra of 
authentic samples of azo-compounds and their corresponding tetrazenes. 
The compounds which were examined were the azo-compounds (40) and (42) and 
the tetrazenes (41) and (43). 	The chemical shifts of the labelled 
protons in the azo-compound and corresponding tetrazene were compared: 
as indicated, it was found that the resonances of these protons occurred 
at slightly higher frequency in the tetrazene compared to the azo-compound. 
The n.m.r. spectrum of the second oxidation product showed a multiplet, 
assigned to the proton which would be on the carbon atom ci. to nitrogen 
-di- 
(N-ca(cH 3)dn=CHcH3) in the tetrazene, at a slightly higher frequency to 
that of the corresponding signal in the n.m.r. spectrum of the azo-compound. 
Thus, n.m.r. evidence was in accord with the observed trend, suggesting that 
further investigation in this direction might be worthwhile. The investi-
gation was, however, hampered by the fact that the only widely reported 
method of preparing tetrazenes is by oxidation of the corresponding 1,1-
disubstituted hydrazines. Clearly in the present case, this approach was 
inapplicable. A possible solution to this paradoxical problem was 
suggested by the observation of Wieland and Fressel 112  that oxidation of 
1,1-dibenzylhydrazine with 27benzoquinone gave 1,1,4,4-tetrabenzyltetraz-
2-ene and not bibenzyl which is normally produced in the oxidation of this 
hydrazine. It was hoped that the oxidation of 1-(pent-3-en-2-yl)--l-
phenylhyd.razine with -benzoquinone would, by analogy, give the corres-
ponding tetrazene; in practice however, oxidation with this reagent 
(Experimental p.184 ) gave the same mixture of products as had been 
obtained using yellow mercuric oxide and lead tetra-acetate. 
The evidence in support of the possible presence of the tetrazene 
in the oxidation product has already been given. However this evidence 
must be weighed against three observations which question this possibility. 
Firstly, while the mass spectra of the tetrazenes (41) and (43) both show 
significant parent ion peaks, the mass spectrum of the oxidation product 
shows no such peak for the proposed tetrazene (m/e 348); since the tetra-
zene would be present in 42% (cf. the results of h.p.l.c. analysis of the 
oxidation product; P. 75 ) it might be reasonably expected (by analogy 
with the tetrazenes cited), that a significant parent ion peak would be 
observed. Secondly, evidence of a more circumstantial nature is provided 
by the fact that oxidation with lead tetra-acetate gave the same mixture 
of products as had been obtained with mercuric oxide, with no products of 
tetrazene decomposition being observed; the tetrazene (41) was found to 
undergo decomposition under the conditions of lead tetra-acetate oxidation, 
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but was isolated cleanly from the oxidation with mercuric oxide. 
Thirdly, reduction of tetraz-2-enes (e.g. with hydrogen and palladium) 
is known to give the corresponding secondary amines; the n.m.r. spectrum 
of the material obtained from the hydrogenation of the oxidation product 
did not indicate the presence of any secondary amine. { The mass spectrum 
of the hydrogenation product did, however, show a weak peak at m/e 161 
which could correspond to the parent ion of _(pent_ 3_en_ 2_yl)aniline.1 
Thus, the possibility that the unidentified oxidation product was 
1,4-di(pent-3-en-2-yl)-1,4-dipheflYltetraZ-2-ene could not be confirmed 
or denied in terms of the available evidence. 
The possibility that N-(pent-3--en-2--yl)aniline (32) was formed in 
the oxidation of 1-(pent-3-en-2-yl)-l-phenylhydrazine found support in 
the work of Lemal et a1 47 who observed that thermal decomposition of 
the sodium salt of N-benzene suiphonamidocarbazole gave carbazole in 
89% yield. These workers proposed (after carrying out the obvious 
control experiments) that the amine was formed by decomposition of the 
tetrazene as shown in Scheme 71. Although the infra-red spectrum of 
the oxidation product showed no N-H absorption to support amine formation, 
it was considered necessary to examine the possibility more rigorously. 
It was proposed to do this by first preparing an authentic sample of 
the amine. 
An attempt was made to prepare the desired species by the method 
which had been successfully employed in the synthesis of N-allylaniline, 
namely, alkylation of the sodium salt of acetanilide with the appropriate 
alkylating agent, followed by hydrolysis of the product. However, 
application of this method to the present case was unsuccessful (Experi-
mental p. 191). 	Acetariilide was recovered from the alkylation product, 
and hydrolysis of the remainder was found to give a mixture of aniline 
and an unidentified material containing the pentenyl substituent. 
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The recovery of acetanilide may be regarded as indicating that elimination 
from the chloride has occurred as shown in Scheme 70; alternatively, it 
may indicate that not all the acetanilide was present as its sodium salt 
in the alkylation process. The recovery of aniline from the hydrolysis 
of the alkylatiori product (from which almost all the acetanilide had been 
removed) suggests that the álkylation procedure gives rise to a product 
which is sensitive to removal of the introduced stthstituent under the 
conditions of acid-catalysed hydrolysis. An obvious explanation would 
be that alkylation takes place not only on nitrogen but also on oxygen 
to give the species (44) which may undergo hydrolysis as shown in 
Scheme 72. The 0-alkylated species (44) could be formed either directly 
or by thermal rearrangement of the N-alkylated product (Scheme 73 - cf. 
Scheme 69). Support for the presence of both types of alkylation product 
came from the n.m.r. spectrum of the alkylation product: the appearance 
of the methyl region indicated the presence of two types of pent-3-en--2-yl 
subs tituent. 	(An alternative interpretation of the observed spectrum 
might be that the acetanilide derivative exists as a mixture of two 
conformers (45) and (46); a similar explanation for the observed n.m.r. 
spectrum of 2-formyl-l-phenylhydrazine has already been discussed - 
see p. 63). 
The most obvious reason for the occurrence of 0-alkylation is that 
it results in. the formation of a sterically more stable species. 
However, reference to a space-filled model of N-(pent-3-en-2-yl)-
acetanilide suggests that the molecule should not be particularly 
strained; certainly not significantly more than N-allylacetanilide 
which was successfully prepared and isolated in another context 
(Experimental p. 124). 
Formation of aniline may also occur by dealkylation of the 
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mechanism is suggested in Scheme 74; since the hydroysis is carried out 
in an open system the volatile chloride would be lost so that re-alkylation 
would not occur. A possible pointer to the identity of the unidentified 
hydrolysis product was suggested by the reported behaviour of the hydro-
chlorides of N-alkylanilines at temperatures of 200-300 °c. The reaction, 
known as the Hofmann-Martjus reaction, involves the migration of an alkyl 
group onto the aromatic ring, and is known to occur intermolecularly 
(Scheme 75). For example, Ogata et a1132 showed that N-methylaniline 
hydrobromide gave not only both the normal products, o- and E7 toluidine, 
but also aniline and di- and trimethylanilines. When the alkyl substituent 
is primary, the reaction is thought to proceed with initial generation of 
the alkyl halide (cf. Scheme 74); when the substituent is secondary or 
tertiary the reaction may proceed via the carbonium ion rather than the 
133 alkyl halide. 	In the present case, the latter mechanism would 
probably apply (Scheme 76).. The nature of the pentenyl substituent 
may also allow migration to occur by intramolecular process as shown 
in Scheme 77. 	(The formation of the sterically favoured 2-substituted 
species is also conceivable in terms of this mechanism). 
In order to examine the likelihood that processes of the type shown 
in Schemes 74, 76, and 77 could occur as proposed in the acid-catalysed 
hydrolysis of N- (pent-3-en-2-yl)acetaniljde, the behaviour of an authentic 
sample of N-(pent-3-en-2-yl)aniljne (see below) under the same conditions 
as used in the hydrolysis process, was examined (Experimental p. 193). 
The n.m.r. spectrum of the product (75% recovery by weight) indicated 
that none of the starting amine remained: in overall appearance, it was 
virtually identical to that of the product obtained from the hydrolysis 
of the alkylation product. The formation of aniline in both cases 
suggests that the mechanisms shown in Schemes 74 and 76 may apply. 
A contribution by the mechanism shown in Scheme 77, cannot however be 
ruled out. 
-0 1 
The preparation of N- (pent-3-en-2-yl) aniline was successfully 
accomplished by the direct alkylation of aniline with 2-chloropent-33-ene 
(Experimental p. 192). Comparison of the n.m.r. spectrum of this 
material with that of the oxidation product from 1-(pent-3-en-2-yl)-1-phenyl 
hydrazine indicated that the second component of that oxidation product was 
not N- (pent-3-en-2-yl) aniline. A control experiment showed that the amine 
was stable to the oxidation conditions. 
The suggestion that 1,2-di(pent-3-en-2-yl)-1,2-dipherlYlhYdrazifle might 
be formed in the oxidation of 1-(pent-3-en-2-yl)-l-phenylhydrazine was 
perhaps speculative inasmuch as the generation of such species during the 
oxidation of 1,1-disubstituted hydrazines has not been widely suggested. 
However, in view of the fact that the most widely applicable method of 
preparing tetrasubstituted hydrazines is by the thermal decomposition of 
the corresponding tetraz-2-enes (Scheme 78), it might reasonably be 
expected that these hydrazines could be formed by the decomposition of 
the tetrazene product from the oxidation of 1,1-disubstituted hydrazines. 
Although heating to 80°C and above is generally required to initiate 
decomposition, the possibility that the activation energy barrier could 
be lower in some instances can be envisaged. 	It was felt necessary to 
examine this possibility further, particularly as gas appeared to be 
evolved in several of the oxidation experiments. Furthermore, Hoesch 
and Dreiding45 recently reported the isolation of N-phthalimidophthalimide 
(47) in 10% yield from the. oxidation product of N-aminophthalimide; 
significantly however, a temperature of 145°C was required in order to 
produce a yield of this magnitude. 
The thermal decomposition of tetrazenes is believed to proceed by 
a radical mechanism: pyrolysis or photolysis of tetramethyltetraz-2-ene 
gives nitrogen, tetramethylhydrazine, dimethylamnine and a polymer of the 
imine, CH 2=NCH3 , and the formation of these species (excepting nitrogen 
of course) is interpreted in terms of the combination and disproportionation 
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of dimethylamino radicals. 134 The possible formation- of the tetra-
substituted hydrazine in the present case maybe envisaged as arising 
by the mechanism shown in Scheme 78 (cf. Scheme 71). The non-formation 
of N-(pent-3-en-2-yl)aniline (see p. 87 ) could be explained in terms of 
the operation of a solvent cage effect which favours the combination of 
the radical pair. (cf. Introduction p.  13 paragraph 1). The apparent 
absence of the products of radical disproportionation from the oxidation 
product is difficult to rationalise in terms of the mechanism of Scheme 78. 
Hoesch and Dreiding 45  (see preceding paragraph) have suggested-that, while 
it is not implausible to suggest that tetrasubstjtuted hydrazines could be 
formed by a mechanism of the type shown in Scheme 78, an alternative 
mechanism involving reaction of the secondary amine with the parent 
1,1-disubstjtuted hydrazine (Scheme 79) is also conceivable, and indeed 
they were able to obtain experimental evidence in favour of the latter ,  
proposal. 	 - 	 - 
The first approach to an examination of the possibility that the 
second component of the oxidation product from 1-(pent-3-en-2-yl)-I-
pheny1hydrazine was 1 ,2-di (pent-3-en-2-yl) -1 ,2-diphenylhydrazine, was 
of an indirect nature. It was proposed to prepare an authentic sample 
of 1,2-dibenzyl-1,2-diphenylhydrazine (48) and to compare its n.m.r. 
spectrum with that of an authentic sample of phenylazotoluene (49): in 
this way it was hoped to ascertain whether or not the n.m.r. spectrum of 
the second oxidation product was consistent (in terms of the chemical shifts 
of corresponding protons in the second component and in 2-phenylazopent-3-
ene) with the present suggestion. However, the attempted preparation 
of the tetrasubstituted hydrazine (48) by thermal decomposition of the 
corresponding tetrazene as reported by Frazen and Zimmerman 135  was found 
to give N-benzyIaniline, and not the desired hydrazine (Experimental p.194 ). 
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Attention was next turned to the preparation of an authentic 	- 
sample of 1, 2-di (pent-3-en-2-yl) -1 1 2-diphenyihydrazine. Two 
approaches were examined: firstly, oxidative coupling of 
N- (pent-3-en-2-yl) -aniline by adaptation of a reported method of 
preparing 1,1,2,2-tetraphenylhydrazine, 136 and secondly by alkylation 
Of. the di-anionof hydrazobenzene with. 2-chloropent-3-ene. The 
first of these two approaches (Experimental p. 194) was unsuccessful 
and gave back the amine unchanged; the second approach was more 
successful. (Experimental p. 194). 
Reesor and Wright 
137
in 1957 reported the preparation of di-
alkali metal adducts of azobenzene (formally the di-alkali metal 
salts of hydrazobenzene) and found that these adducts underwent 
alkylation with suitable alkylating agents.. With primary alkyl 
halides they obtained high yields of the di-alkylated product i . 
but with secondary halides (j.- 2-chioropropane) the product 
of monoalkylation was isolated and only a 2% yield of the di-
alkylated material was obtained in. the most favourable case. 
While the formal similarity between the alkylating agent of 
the present example, 2-chloropént-3-ene, and 2-chioropropane 
was recognised, it was hoped that the desired tetrasubstituted 
hydrazine could be prepared by the sequence shown in. Scheme 80: 
• The alkylation of the disodium adduct of azobenzene with 
e.lie 
2-chloropent-3-/(l mole : 2 mole) gave a mixture of products: 
t.l..c. examination revealed the presence of four components, 
one of which was shown to be azo-benzene. The work of Reesor 
and Wright 
137  suggested that the products which might be 
expected from such an alkylation were azobenzene, the mono- and 
di-alkylated derivatives, and hydrazobenzene. The mass 
spectrum of the present alkylation product mixture showed peaks 
corresponding to the parent ions of each of these species. 
The extent to which alkylation had occurred could be 
estimated from the integration of the n.m.r. spectrum of the 
alkylation product mixture: the integration ratio of aromatic 
protons to methyl protons was 5 : 2.9. The n.mr. spectrum 
also appeared to support the possibility that the unidentified 
component of the oxidation product was 1, 2-di (pent-3-en-2-yl) 
1,2-diphenyihydrazine since the signals of the pent-3-en-2-yl 
group were observed in similar positions in the n.m.r. spectra 
of the alkylation and the oxidation product mixtures. 
Reesor and Wright separated the mixtures of products 
which they obtained by careful wet column chromatography, first 
on silica gel to remove hydrazobenzene (if present), and then 
on alumina to separate the remaining components. In view of 
the specialised equipment required, it was felt that in the 
present case the product mixture could be more conveniently 
examined using high pressure liquid chromatography. 
Examination of the present alkylation product by h.p.l.c. revealed 
the presence of three major components one of which was shown to be 
-91- 
azobenzene. (The presence of two very minor components was also indicated.) 
'Examination by t.1.c. Calso on silica) had revealed the presence of four 
- components only three of which were mobile. Reesor and Wright 
137 
 showed 
that under similar conditions (i.e. silica gel/n-hexane)hydrazobenzene was 
immobile while azobenzene and the mono- and di-alkylated hydrazobenzenes 
could be eluted readily. Taken together with the mass spectral evidence 
cited above, this suggested that the stationary spot in the t.l.c. 
experiment was due to hyd.razobenzene, and that the three peaks observed in 
the h.p.l.c. examination were due to azobenzene (confirmed) and the mono-
and di-alkylated hydrazobenzenes.. Surprisingly however, when the two 
last-mentioned components were isolated by preparative h.p.l.c., examination 
by mass spectrometry suggested that both were essentially the same material: 
both showed the peak corresponding to the parent ion of the mono-alkylated 
material (m/e 252) and a fragmentation peak (m/e 183; P - 69). Neither 
spectrum showed a peak at m/e 320 corresponding to the parent ion of the 
di- alkylated material, although the mass spectrum of the crude alkylation 
product did show this particular peak. 
From this,it could be inferred that the two unidentified major 
components were not the mono- and the di-alkylated materials but hydrazo-
benzne and the mono-alkylated material. The mass spectra of the fractions 
obtained from the preparative h.p.l.c.. experiment could be interpreted in 
these terms if it were. assuxned that less than total separation had been 
achieved: both spectra would be expected to display the peak at m/e 252, 
and the observation of a peak at m/e 183 could be interpreted as being due 
to loss of hydrogen from hydrazobenzene in one case and to loss of the 
pent-3-en-2-yl substituent from the mono-alkylated product in the other. 
The actual extent to which di-alkylation occurred may have been very small 
as the parent ion peak in the mass spectrum of the crude alkylation product 
was not very large. 	If this latter suggestion is correct then one of the 
two minor peaks observed in the h.p.l.c. chromatogram can be assigned to 
-92- 
1, 2-di (pent-3--en--2-yl 1-1, 2-dipheñylhydrazine. 
The rather inconclusive and unsatisfactory outcome of the approach 
described in the preceding paragraph was further complicated by the fact 
that a subsequent h.p.l.c. experiment suggested that both the present 
alkylation product and the oxidation product mixture obtained from 
l-(pent-3-en--2-yl)-l-phenylhydrazine appeared to share a common component: 
- 	a mixture of the oxidation and alkylation product mixtures gave a 
chromatogram having four significant peaks where, in the absence of a 
common component, five peaks would have been expected. However, this is 
probably fortuitous since it is unlikely that l-(pent-3-en-2-yl)-1,2-
diphenyihydrazine is one of the oxidation products from the oxidation of 
1- (pent-3-en-2-yl) -1-phenyihydrazine. 
Thus the available evidence suggests that alkylation of the di-anion 
of hydrazobenzene with 2-chloropent-3-ene gives mainly azobenzene,hydrazo-
benzene and l-(pent-3-en-2-yl)-1,2-diphenylhydrazine and only a very small 
amount of 1,2-di(pent-3-en-2-yl)-1,2-diphenylhyclrazine. 	This result is 
not surprising in view of the fact that Reesor and Wright 
137 
 found , that 
alkylation of the di-lithium salt of hydrazobenzene with 2-chioropropane 
gave azobenzene (40%) and the mono-alkylated product (30%). They suggested 
that the mono-alkylated material was formed by the sequence of relatively 
rapid alkylation at N-i followed by a slow replacement of lithium by 
hydrogen at N-2 as shown in Scheme 81. They suggested that di-alkylation 
did not occur because of the effect of the covalent character of the N-Li 
bond in accentuating steric hindrance in the transition state. [Rather 
surprisingly, alkylation with the more bulky t-butyl chloride was reported 
to give the di-alkylated product (21%) and hydrazobenzene (25%)]. 	in 
the present case, the operation of :a mechanism of the type shown in 
Scheme 81 may be readily envisaged since elimination of the elements of 
hydrogen chloride from the alkyiating agent would be a facile process 
(of. Scheme 70). 
-93- 
The results of this attempt to prepare an authentic sample of 
1,2-di(pent-3-en-2-yl)-1,2-diphenylhydrazine and to demonstrate its 
presence in the oxidation product of 1- (pent-3-en-2-yl) -1-phenyihydrazine 
can only be regarded as inconclusive. However, the fact that the tetra- 
substituted hydrazine was found to give a parent ion peak (m/e 320) in 
the mass spectrum of the crude alkylation product is significant since 
the mass spectrum of the oxidation product showed no peak at m/e 320. 
The presence of the hydrazine in the oxidation product therefore seems 
unlikely. 
The possible formation of 2-phenylpent-3-ene (34) in the oxidation 
of 1-(pent-3-en-2--yl) -1-phenyihydrazine (by extrusion of nitrogen either 
- 	from. 2-phenylazopent-3-ene or from the intermediate diazene) was not 
investigated. It is considered unlikely in view of the behaviour of 
the oxidation product on column chromatography (Experimental P. 182 ). 
Both components of the oxidation product required a considerable volume 
of solvent to effect their elution (still as an unresolved mixture), and 
it is felt that with the conditions used, elution of the hydrocarbon 
(if present) would have been achieved more rapidly. 	 - 
CONCLUSIONS: Oxidation of 1-(pent-3-en-2-yl)-l-phenylhydrazine with 
either mercuric oxide, lead tetra-acetate, or -benzoquinone gives a 
mixture of two components, one of which has been shown to be the expected 
product, 2-phenylazopent-3-ene. Attempts to identify the second 
component eliminated two possibilities, namely pent-3-en-2-one phenyl-
hydrazone and N- (pent-3-en-2-yl) aniline, but no firm conclusions could 
be drawn in respect of the other possibilities which were considered. 
These were, 2-phenylazo-cis-pent-3-ene, 1,4-di (pent-3-en-2-yl)-1,4-
diphenyltetraz-2-ene, 1, 2-di (pent-3-en-2-yl) -1 ,2-diphenylhydrazine, and 
2-phenylpent-3-ene. Experimental evidence for ar against the formation 
-94- 
of each of these species has been presented, but, on balance it is 
felt that the case in favour of 2-phenylazo-cis-pent-3-ene is the 
strongest. 
It - will be remembered that the possibility was earlier investigated 
by a procedure of catalytic hydrogenation, but that, as a complex mixture 
of products was obtained, the outcome was inconclusive. Unlike the other 
possibilities which were inconclusively examined,, no evidence has been 
found which undermines the present proposal. In particular the formulation 
is in accord with the mass spectrum which was observed for the oxidation 
product (no significant peak was observed above m/e 174 which corresponds 
to the parent ion of 2-phenylazopent-3-ene).. Furthermore, the physical 
characteristics of the oxidation product (its colour and viscosity) are in 
accord with those expected of an azo-compound. Tetraz-2-enes are generally 
pale-yellow, viscous oils or solids (cf. Experimental P.160 and P.164 
and tetrasubstituted hydrazines, of comparable molecular weight to the 
particular example proposed here, are solids (e.g. 1,1,2,2-tétraph'enyl-
hydrazine is a solid which melts at 149°C): if either of these species 
were present in the oxidation product-to the extent of 43% as indicated 
by h.p..1.c., the oxidation product might reasonably be expected to be 
of a more viscous consistency. The observed evolution of gas during 
the initial stages of some of the oxidation experiments (to account for 
which the formation of the tetrasubstituted hydrazine according to 
Scheme 78 was proposed) may be explained in terms of the oxidation of 
small amounts of phenyihydrazine present in the samples of 1-(pent-3-en-
2-yl)-l-phenylhydrazine as used (Scheme 82). 
If this interpretation is correct, then the formation of a mixture 
of oxidation products (of the type inferred) from 1- (pent-3-en-2-yl)-l-
phenylhydrazine will not affect the applicability of the proposed method 
-95- 
of examining the base-catalysed rearrangement of phenylazoalkanes to the 
corresponding phenyihydrazones. The success of the method will probably 
hinge on being able to reduce 2-phenylazopent-3-ene cleanly to the 
corresponding fully saturated hydrazine; further reduction to the 
secondary amine would complicate matters in that it would have to be 
removed, and its formation would represent wastage of the prepared 
optically active compound. 
Hunter126 showed that phenylazocyclohexane could be cleanly reduded 
by di-imide and it is conceivable that by using this mild reducing agent, 
the reduction of 2-phenylazopent-3-ene will be effected cleanly, and 
without the added complication of further reduction occurring. 
It is felt that the proposed approach to the preparation of an optically 























Preliminary Investigation into a Method for Determining the Electronic 
Character of the Diazene Involved in the Oxidative Rearrangement of 
Allylic Hydrazines 
As already mentioned, Baldwin61 has suggested that the rearrangement 
of allylic diazenes to give azo-compounds may be represented in terms of 
the concerted mechanism shown in Scheme 16. The evidence which supports 
the representation of the diazene as a dipolar species has been described 
already (Introduction p. 7). However, the rearrangement may also be 
interpreted in terms of the mechanism shown in Scheme 83, and indeed 
this is perhaps the more obvious one since diazenes are, by first 
principles, electron deficient species. 
Although no evidence existed to suggest that the mechanism of 
Scheme 16 was inaccurate, it was hoped to develop an experimental method 
to test the proposal. The mechanism of Scheme 16 implies that as the 
electrophilic character of the allylic double bond increases, the 
rearrangement becomes more facile (all other factors remaining unchanged). 
It was proposed to test this inference by examining the oxidative 
rearrangement of a series of 1,1-di-allyl hydrazines of the general 
type (50), in which one of the R groups is held constant while the 
other is varied in such a way as to influence the character 
(electrophilic vs. nucleophilic) of the double bond of one of the 
substituents. 
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In this way, a situation of internal competition would be created 
since the diazene may attack (in principle at least) either of the 
allylic systems as indicated in Scheme 84. However, in the case of a 
hydrazine of the type (50) the product of attack at one allyl system 
(path A) is identical to the product of attack at the other allyl 
system (path B): the azo-compounds (51) and (52) are identical. 
In order to establish which mode of attack (i.e. path A or path B) 
predominates it is necessary that each of the possibilities give rise 
to a.different azo-compound i.e. (51) and (52). 	This in turn requires 
that the di-allyl hydrazines of the type (50) be unsymmetrically 
labelled with for example deuterium. 
The two possible mechanisms under consideration are shown in 
Schemes 16 and 83. Although represented as concerted processes, bond 
cleavage and bond formation may not be synchronous, and, depending on 
the relative timing of each of the processes indicated by the arrows, 
the build-up of partial charge at specific centres may be envisaged. 
This situation (in the general case) is illustrated in (53) and (54), 
corresponding to Schemes 16 and 83 respectively. Representation in 
this way, allows prediction of the effect, on the course of the 
oxidative rearrangement (i.e. whether path A or path B is preferred), 
of varying one of the R groups in the hydrazines (50). 	If the mechanism 
of Scheme 16 operates then introduction of a group R which can stabilise 
the partial negative charge in (53) will be favourable, while if the 
mechanism of Scheme 83 operates introduction of such a group will be 
unfavourable (cf. 54). 	Thus, by measuring the relative amounts of 
the product azo-compounds (Scheme 84) and attempting to fit the data 
obtained to the Hammett equation, it was hoped to obtain evidence to 
support the mechanism of Scheme 16. 
-98- 
Since it was the aim of the study to examine the influence of 
electronic effects on the diazene rearrangement, it was important that, 
in labelling the hydrazines (50), no ambiguity be introduced into the 
interpretation of experimental observations by, for example, steric 
effects. For similar reasons, the siting of the R groups as shown 
(Scheme 84) rather than at the terminal end of the double bond' was thus 
chosen to avoid introducing steric effects which might influence the 
course of the rearrangement . Furthermore, in view of the difficulties 
anticipated in attempting to isolate each of the product azo-compounds 
byphysical methods (e.g. fractional distillation or column chromatography), 
it was proposed to carry out the product analysis by n.m.r. spectroscopy, and 
this required that the n.m.r. spectra of the azo-compounds (51)1(52) should 
be significantly different. 
The most desirable method of theeting these two requirements was con-
sidered to be the use of deuterium- labelled hydrazines of the type shown 
in Scheme 85 since this should not introduce any new steric factors. 
Azo-compound (55), formed by migration of the R-allyl group would show 
signals in the olefinic region but not in the methylene region while 
azo-compound (56), formed by migration of the R' -allyl group would show 
signals in the methylene region, but not in the olefinic region: the 
relative amounts of (55) and (56) would then be expressed by the integration 
ratio of olefinic protons to methylene protons. However, it was anticipated 
that the - preparation of the required hydrazines would not be easy. All the 
established methods of preparing 1,1-di-alkylhydrazines involve at least 
one alkylation step and with the type of alkylating agent envisaged here, 
the reaction can proceed in two directions as shown in Scheme 86. This 
would have the effect of scrambling the deuterium label, and this would 
complicate the interpretation of the oxidation results and possibly lead 
to erroneous conclusions. The preparation of pure samples of the labelled 























In the face of these considerable problems it was decided, as a 
compromise, to examine the oxidation of a series' of hydrazines of the - 
type (57) as shown in Scheme 87. It was hoped that analysis of the 
oxidation product could be achieved by calculating the integration ratio 
of the two types of methyl signals: those of (58) and those of (59) 
expected in the n.m.r. spectrum of the oxidation product. This approach 
was very much a compromise since it is conceivable that the methyl substi-
tuents might introduce an element of steric control on the course of the 
oxidative rearrangement. 
In view of the reported thermal lability of azo-compounds analogous to 
those anticipated in the present-case, 61 resent case, it was felt that preliminary work 
was required in order to establish that azo-compounds of the type expected 
would in fact be isolable. Furthermore, an examination of the synthesis 
and use of the necessary alkylating agents was required. 
It was hoped to prepare the necessary series of hydrazines (57) by 
N-amination of the corresponding secondary amines or by reduction of the 
N-nitroso derivative of the same amine. Both approaches would require the 
secondary amines and it was envisaged that these could be prepared by the 
method of Scheme 88. The preparation of the necessary alkylating agents 
was first examined. 
a- (Bromomethyl) styrene and a- (chioromethyl) styrene were prepared by 
direct halogenation of a-methylstyrene with N-bromo- and N-chloro-
succinimide respectively, and it was envisaged that the necessary ring-
substituted alkylating agents could be prepared in analogous fashion 
from the corresponding styrene derivatives. 	ct-(Chloromethyl)styrene 
was also successfully prepared by dehydration of the carbinol obtained 
from the reaction of phenylmagnesium bromide with chioro-acetone. 
The possibility of extending the use of this latter method to the 
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that the necessary reagents, a-bromo-acetophenone and 2-bromopropane 
(from which the Grignard reagent would be prepared), were readily 
available. However when the method was adapted to the preparation of 
ci-bromomethyistyrene (of which an authentic sample had been prepared - 
see above), examination of the Grignard addition product by infra-red 
and n.m.r. spectroscopy indicated that it was a complex mixture of 
products. The infra-red spectrum showed absorptions in the 0-H and 
carbonyl regions; however, the n.m.r. spectrum indicated thatno ct-bromo-- 
- acetophenone was present. The reaction was repeated at low temperature 
and some of the reaction mixture was worked-up before heating. As before, 
complex mixtures of products were obtained, and the same 0-H and C=0 
absorptions were observed in the infra-red spectra. Weak signals attributabl 
to ci- (bromomethyl)styrene were observed in the n.m.r. spectrum of the product 
obtained from the portion which was worked-up without heating. 
The attempted preparation of ci-bromomethyl-,-dimethylstyrene 
(60; X = Br) by addition of the Grignard reagent to ci-bromo-acetophenone 
gave a complex mixture of products. Even with the modified procedures 
described in the previous paragraph, the reaction product was equally 
complex, and t.l.c. examination of one particular product mixture showed 
the presence of at least four components. The only indication as to 
the nature of the several products came from the infra-red spectra which 
all showed similar absorptions in the 0-H. and the carbonyl regions 
Evidence from n.m.r. spectroscopy suggested that the products of the 
low temperature reaction contained an appreciable amount of ci-bromo-
ace tophenone. 
Reference to the literature suggests that the clean reaction of 
chioro-acetone with phenylmagnesium bromide (see above) is an exception 
to the general tendency for the reaction of ci-halo-ketones to give 
complex mixtures of products. Kharasch and Reinmuth138 report that 
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the reaction of saturated c-halo-ketones with Grignard reagents can 
- 	follow four possible pathways as shown in Scheme 89. These authors 
suggest that path A (the 'normal' pathway) is followed when there is 
no significant steric hindrance in the ketone and when the magnesium 
alkoxide intermediate is stable to the reaction conditions involved. 
Thus, the observation that the reaction of phenylmagnesium bromide with' 
chioro-acetone gives the carbinol as the only significant product might 
be interpreted as indicating that there is no steric hindrance. 
Conversely, the apparently complex course followed by the reaction of 
Grignard reagents with c&-bromo-acetophenone, may be ascribed to the 
introduction of steric hindrance by the bulky phenyl group and bromine 
atom. 	The reaction of phenylmagnesium bromide with chioro-acetone has 
been shown 
139 
 to follow path B (Scheme 89) at 130-1400C . Furthermore, 
the possibility of reaction of the ketone derived from path B with the 
Grignard reagent may also be envisaged. Henry 	reported the isolation 
of the carbinol formed from the addition of two moles of methylmagnesium 
bromide to chioro-acetone; he proposed the intermediacy of an epoxide as 
shown in Scheme 90. 
The possibility of preparing the desired alkylating agent, c-bromomethyl- 
6, -dimethylstyrene, by carrying out the appropriate Wittig-type reaction 
on c-bromo-acetophenone was not examined. 
It was hoped that the required secondary amine (61; Scheme 88) could 
be prepared by the alternative approach shown in Scheme 91. It was 
envisaged that attack at the terminal olefinic carbon might be preferred 
for steric reasons to attack at the carbon atom bearing the chlorine atom. 
The successful use of N-chlorosuccinimide in the preparation of a-(chloro- 
methyl) styrene made the use of this chlorinating agent attractive for the 
preparation of the alkylating agent, a-(2-chloroprop-2-yl)styrene, required 
here. 	However, in practice (Experimental p. 204 ), the chlorination 
























procedure gave four products. 	Cunreacted c-prop-2-ylstyrene was also 
recovered as expected). Attempts to separate the components by 
fractional distillation were unsuccessful. The complexity of the 
chlorination product compared to the case of a-methylstyrene may be 
ascribed in part to the fact that in the case of c&-prop-2-ylstyrene 
the intermediate allyl radical is unsymmetrical so that two different 
products are obtained where only one is possible in the case of 
-methylstyrene; the contrasting situations are illustrated in Schemes 
92 and 93. Chlorination of a-methylstyrene with N-chlorosuccinimide 
gives not only cx-(chloromethyl)styrene but also cL-methyl--chlorostyrene 
which is probably derived from a rearrangement of the initially formed 
ct-chloromethylstyrene. 	Clearly, such a process is also possible in the 
present case: one of the initially formed chlorides (62; Scheme 93) can 
rearrange to give the isomeric chloride (63) as shown in Scheme 93. 
Evidence in support of this suggestion was supplied by the fact that 
the n.m.r. spectrum of the chlorination product showed signals attributable 
to an aliphatic methine proton in a prop-2-yl group besides that due to the 
corresponding proton of cL-prop-2-ylstyrene. The possibility of the formation 
of dichioro-derivatives may also be envisaged since the mono chioro-compounds 
(62) and (63) still have allylic hydrogen atoms. 
A brief, but unsuccessful investigation was made into the possibility 
of effecting chlorination using t-butylhypochlorite. 
While the attempts to prepare c-bromomethyl-,-dimethylstyrene and 
ct-(2-chloroprop-2-yl)styrene were in progress, the behaviour of a-(bromo-
methyl) styrene and c- (chloromethyl)styrene in several alkylation reactions, 
was being examined. 	 - 
The attempted alkylation of phthalimide with cL-(bromomethyl)styrene 









































The alkylation of t-butyl carbazate with c'- CcbJ.oromethyll styrene 
and with a-Cbromomethyl)stYrene was examined in the context of preparing 
azo-compounds of the type shown in Scheme 84 (see p. 97 ): oxidative 
rearrangement of the hydraziries obtained by this method would give the 
desired azo-compounds. However, while the alkylation of t-butyl 
carbazate- with allyl bromide was found to give the expected product, 
t-butyl-2-di-allylcarbazate, in 32% yield (after purification), the 
use of a-chloro- and - (bromo-methyl) styrene as alkylating agents gave 
no detectable amount of the desired material. Instead, complex mixtures 
of products were obtained, and in the case of alkylati9n with the chioro-
compound, examination of the product by t.l.c. indicated the presence of 
at least four components. A significant feature of this last-mentioned 
alkylation was that the protecting group appeared to participate in the 
reaction: by monitoring the course of the reaction by n.m.r. spectroscopy, 
it was found that the singlet signal due to the t-butyl group disappeared, 
and was replaced by a xnultiplet in the same region of the spectrum; the 
signals due to the olefinic and methylene protons of the chloride also 
disappeared. 
In a further attempt to prepare azo-compounds of the type shown in 
Scheme 84, the alkylation of the di-sodium salt of di-ethyl hydrazo 
dicarboxylate with c-(chloromethy1)styrene was attempted. This alkylation 
procedure was part of a synthetic sequence for the preparation of azo-compound 
originally by Al-Sader and Crawford. 80 	These authors reported the alkyl- 
ation of the di-sodium salt with allyl benzenesulphonate to give the di-allyl 
analogue of the present example. 	(This work was successfully repeated - 
Experimental p.217 ). 	However, when the alkylation with cL-(chloromethyl)- 
styrene was examined under three different sets of conditions, the most 
favourable outcome was a mixture of mono- and di-alkylated material. 
-104- 
The hydrolysis and decarboxylation of the 	 product proved 
appreciably more difficult and less efficient than the original authors 
had suggested 8°  : after subjecting the alkylation product to the 
hydrolysis and decarboxylation procedure for a period twelve times as 
long as that used by Al-Sader and Crawford BO for the di-allyl case, only 
a small amount of a yellow liquid was obtained. This material was found 
not to contain nitrogen, and showed no absorption above v 3100 CM -1  in 
the infra-red spectrum.. The n.m.r. spectrum of the liquid showed the signals 
expected for the 2-phenylprop-2-en_1y1 group but no exchangable hydrogen was 
found. The mass spectrum showed a significant peak at nile 148 and 147 but 
no peak at ni/e 292 (expected for the di-alkylated product) and the material 
could be recovered unchanged from mercuric oxide oxidation. In accord 
with the observed mass spectrum, and the other observations, the product 
was tentatively formulated as being c - (methoxymethyl)styrene (64). 
The alkylation of the di-sodium salt of dfthy1hydrazodicarboxylate 
with allyl chloride was examined in an attempt to resolve the apparently 
anomalous course of the alkylation with cL - (chloromethyl)styrene. 	It was 
found that while alkylation with allyl benzenesulphonate (see above) gave 
the expected product in high yield, the reaction with allyl chloride was 
much slower, and a mixture of unreacted, mono-, and di-alkylated di-ethyl 
hydrazodicarboxylate was obtained. Hydrolysis and decarboxylation of 
an authentic sample of the di-allyl substrate was found to be very inefficient 
but no product analogous to ct-(nethoxymethyl)styrene (see previous paragraph) 
was detected. 
These trial experiments indicated that the preparation of the hydrazines 
and of authentic samples of the anticipated product azo-compounds required 
for the study set out at the beginning of this section would be difficult, 
if not impossible, at least in terms of the procedures described above. 
No attempt was made to develop alternative methods, and the proposed 
experimental scheme (Scheme 87) was not examined further. 

























The Attempted Interception of 1-Alkyl-i-Phenyldjazenes by Dimethyl 
Suiphoxide, and by Dimethyl Suiphide. 
The interception of diazenes by dimethyl suiphoxide to give the 
suiphoximide adducts was first reported by Rees and his co-workers. 41 
Since that time many reports of successful trappings of diazenes have 
appeared, a common feature being the nature of the diazenes involved: 
the diazenes all carry acyl substituents, the only exception known to 
the present author being (3-methylindazol-2-yl)diazene. A typical 
example of diazene interception, the formation of S,S-dimethyl-N-
phthaliniidosulphoximidé, is represented in Scheme 94. Sulphoximide 
formation has a dual significance in that the isolation of these adducts 
is often interpreted as demonstrating the intermediacy of diazenes, and 
furthermore, the suiphoximides themselves may be used as diazene sources, 
since they undergo both thermal and photolytic fragmentation to give 
back the diazene and dimethyl sulphoxide.. 
The interest in the preparation of suiphoximides in the present 
study was primarily in their use as diazene sources, and the possible 
verification of diazene intermediacy in the particular oxidations 
studied, was regarded as an added bonus. 	It was hoped that by regener- 
ating the diazenes by photolysis of dilute solutions of the sulphoxixnides, 
it would be possible to produce sufficiently low concentrations of the 
diazenes that the bimolecular reaction pathway (i.e tetrazene formation) 
would be effectively eliminated, thereby favouring the rearrangement or 
decomposition pathway. No examples of the trapping of simple dialkyl- 
or arylalkyldiazenes are known; the procedure outlined by Rees and his 
co-workers 
33 
 for the preparation of the suiphoximide derivatives of 
N-amino-lactarns was therefore used. 	(Experimental p.218 ). The 
hydrazines which were examined in this connection were l-allyl-l- 
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phenyihydrazine, and l-benzyl-l-phenylhydrazine, and it was anticipated 
that the successful formation of the suiphoximides would be readily 
revealed by n.m.r. spectroscopic examination of the reaction product 
(Rees and his co-workers 
33 
 reported that for S,S-dimethyl-N-naphthal-
imidosuiphoximide, the methyl proton resonances were observed as a 
singlet at & 3.36 p.p.m.). 
The lead tetra-acetate oxidation of l-allyl-l-phenylhydrazine in 
the presence of excess dimethyl suiphoxide gave an orange-brown liquid, 
the n.m.r. spectrum of which indicated that the oxidation had followed 
its normal course to give 1-phenylazoprop-2-ene; no signals attributable 
to the expected suiphoximide were observed. Dry column chromatography 
revealed the presence of four components, the major, and only identifiable 
one being 1-phenylazoprop-2-ene. 
The oxidation of l-benzyl-l-phenylhydrazine in analogous fashion gave 
a gum from which was recovered a pale brown solid. This solid was shown 
to be 1,4-dibenzyl-1,4-diphenyltetraz-2-ene by its melting point and 
n.m.r. spectrum. No trace of the desired sulphoximide adduct could be 
found by n.m.r. spectroscopy. The oxidation was repeated and in an 
attempt to inhibit tetrazene formation conditions of high dilution were 
used; furthermore, the modification of inverse addition (i.e. the 
addition of the hydrazine to a solution of one equivalent of dimethyl 
sulphoxide and lead tetra-acetate in methylene chloride) .as suggested 
by Rees and his co-workers, 
33 
 was used. However, the n.m.r. spectrum 
of the product was found to be virtually identical to that of the 
product of the previous attempt. No signals attributable to the 
desired species were observed. 
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The failure of these attempts to prepare suiphoximide adducts is 
perhaps not surprising in view of the absence of any reports of the 
preparation of suiphoximide derivatives of simple 1,1-arylalkyldiazenes. 
Adduct formation by the acyl-type diazenes may be attributed to the 
effect of the electron-accepting substituent:delocalisation of the lone 
pair of the central nitrogen atom resulting in polarisation of the C-N 
bond as shown in Scheme 95, has the effect of increasing the electro-
philicity of the terminal nitrogen atom, so favouring attack by the 
nucleophilic sulphoxide. The results of theoretical calculations on 
a number of simple diazenes support the view that electron-withdrawing 
subs tituents reduce the nucleophilic nature (and consequently increase 
the electrophilic nature) of the diazene (Introduction p. 7 ). 39 
Failure to effect interception of the diazenes should not be construed 
as denying their intermediacy in these oxidations. The possibility that 
the sulphoximides were in fact formed but decomposed under the conditions• 
of the reaction to regenerate the diazenes was not examined as the work 
of Rees and his co-workers 33 suggested that the adducts were stable 
enough to survive recrystallisation from ethanol and indeed temperatures 
of 400-5000C were required to induce thermal fragmentation. 
The possibility of isolating the suiphilimide adducts of the diazenes 
by performing the hydrazine oxidations in the presence of dimethyl 
sulphide followed from a suggestion by Gilchrist.142 	The procedure 
employed parallelled that used for the attempted preparation of the 
suiphoximides. 
Oxidation of l-allyl-1-phenylhydrazine with lead tetra-acetate at 
0 
0  C in the presence of three equivalents of dimethyl sulphide gave an 
orange brown liquid which was shown by n.m.r. spectroscopy to be 
1-phenylazoprop- 2-ene. 
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Oxidation of l-benzyl-l-phenylhydrazine in similar fashion gave an 
orange-brown solid which was shown to be 1,4-dthenzyl-1,4-diphenyltetraz-
2-ene. The n.in.r. spectrum of the product also showed the presence of 
a very small amount of impurity giving rise to a doublet at & 2.18 p.p.m. 
Subsequent to these attempts to isolate suiphilimide adducts, two 
reports of the preparation of the suiphilimide (65) have appeared. 
Gilchrist and his co-workers-143-  report its preparation by the reaction 
of N-aminophthalixnide with N-chlorosuccinimide in the presence of 
dimethyl sulphide at -250C, and Jones 144-  cites the unpublished observation 
of Gilchrist et al that the sulphilimide (65) can be prepared by the 
oxidation of the hydrazine with lead tetra-acetate at -75 0C in the presence 
of dimethyl sulphide. The methyl proton resonances in the n.m.r. spectrum 
of the adduct (a solid m.p. 133-134 °C) are observed as a singlet at. S 
2.67 p.p.m. 	The doublet signal observed at S 2.18 p.p.m. in the n.m.r. 
spectrum of the oxidation product of 1-benzyl-1-phenylhydrazine in the 
presence of dimethyl sulphide Cabove) is unlikely to be due to the desired 
suiphilimide. 
It is significant that the only sulphilimide to have been prepared in 
this way is derived from a diazene which is also known to form a sulphoxi-
mide. The failure of the present attempts to isolate the suiphilimide 
adducts of arylalkyldiazenes may be ascribed to the low electrophilicity 
of these diazenes compared to diazenes of the acyl-type. While there was 
a significant temperature difference between the method reported here and 
conditions quoted by Gilchrist and his co-workers 
143 
 and by Jones, 
144
it 
is unlikely that this alone accounts for the failure to isolate the 
desired compounds; this possibility was not examined, however, and 
cannot be excluded. 
-109- 
The Attempted Preparation of Copper (I) Complexes of l-Alkyl-l-Phenyldiazenes 
Whereas the attempted preparation of the suiphoximide and suiphilimide 
adducts of the 1-alkyl-l-phenyldiazenes was undertaken with a view to 
preparing derivatives from which the diazenes could be conveniently 
regenerated, the attempted diazene-complex formation now described was 
carried out more as a matter of interest than as a means of generating 
the diazenes under desirable conditions. 
In 1975 Boehm et a1 35 reported the oxidation of 1,1-dimethyihydrazine 
in acid solution at 0°C with cupric chloride, and the isolation of a complex 
of 1,1-dimethyldiazene having the formula 1(CH3 ) 2N=N1 2Cu3C1 3 . The complex 
was shown to be diamagnetic, and was characterised by elemental analysis 
and infra-red spectroscopy. By successively treating the complex with 
hydrochloric acid and ammonia solution, these workers obtained a 33% yield 
of 1,1,4,4-tetramethyl-tetraz-2--ene. 	Furthermore, they found that when 
they treated a solution of the complex in acid with a solution of l,l-diethyl-
diazeniurn ions and then basified the mixture, they obtained a mixture of the 
symmetrically substituted, and the mixed tetrazenes in an almost statistical 
distribution. 
Boehm et al interpreted these findings as being indicative of the 
presence of 1,1-dimethyldiazene rather than that of its formal dimer, 
1,1,4,4-tetramethyl-tetraz-2-ene, in the parent complex. 	The tetrazene 
is known to be acid labile and they concluded that it could not survive the 
acidic conditions involved and was therefore not present in the complex; 
the formation of a crossed-tetrazene product parallelled the results 
of McBride and Bens 
10 
 (Introduction p. 3) who showed that the same type 
of experiment with two different diazenium ion solutions (prepared by 
potassium bromate oxidation of the corresponding hydrazines) 
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gave a mixture with a statistical distribution of the three possible 
tetrazenes. 
The possibility that it was 1,1-diinethylhydrazine and not 
1,1-dimethyldiàzene which was present in the complex was ruled out by the 
failure of the complex to exhibit an absorption above v 3050 cm 1 , the 
region where, by comparison with the spectra of monosubstituted diazene-
cuprous halide complexes and cuprous halide.: complexes of hydrazines, an 
N-H stretching vibration would occur. 
It was therefore concluded that the complex contained l,l-dimethyl-
diazene and not the corresponding hydrazine or tetrazene, and that the 
diazene was stabilised in some way by co-ordination to copper, probably 
via interaction of the terminal nitrogen atom with one or two cuprous ions. 
The low solubility of the complex was seen as indicative of the presence of 
some type of polymeric CuCl network. 
Prior to examining the oxidation of 1-allyll-phenylhydrazine and 
l-benzyl-l-phenylhydrazine with cupric chloride, the oxidation of 1,1-
dimethy1hydrazine according to the procedure of Boehm et_al 35 was examined. 
The oxidation was found to proceed exactly as had been described, and the 
product was obtained as a deep-purple solid. The infra-red spectrum of 
this material was in complete agreement with the reported data, and in 
particular, the absence of an N-H absorption was confirmed. 	Successive 
treatment of the purple solid with 6 M hydrochloric acid and 15 M aqueous 
ammonia gave 1,1,4,4-tetramethyltetraz-2-ene (25%) which was identified 
by comparison with an authentic sample. A control experiment showed that 
the tetrazene was completely destroyed when treated with 6 M hydrochloric 
acid. 
The complex was examined by mass spectrometry but little in the way 
of meaningful information was obtained using this technique. The mass 
00 	0 	 0 spectrum was recorded at 80 , 100 , 140 and 160 C but no parent peak 
-ill- 
(nile 413 for the formula proposed by Boehm et au) was observed. The 
heaviest ion observed had m/e .226 (P-1871 which might correspond to 
loss of both diazene functions and two chlorine atoms from the parent 
ion. The spectrum at 100°C had a base peak of m/e 116, and this peak 
was also observed at 80° and 1400C. The significance of this peak lies 
in the fact that it corresponds to the parent peak of tetramethyl tetrazene, 
whose possible presence in the parent complex, Boehm et al had ruled out 
on the basis of the sensitivity of the tetrazene to acid, and because they 
were able to obtain the mixed tetrazene by treating an acid solution of 
the complex with a solution of diethyldiazenium ion (vide infra). In this 
experiment they used a 1:1 mole ratio of reactants and obtained a mixture 
of tetramethyltetraz- 2-ene, 1, 1-di-ethyl-4 , 4-dimethyltetraz- 2-ene and 
tetra-ethyltetraz-2-ene in the ratio of 1:2.4:1.4; the expected statistical 
distribution of products being 1:2:1. This departure from the theoretical 
product distribution is significant in that analysis of the 1:2.4:1.4 ratio 
in terms of the mole ratios of dimethyldiazene fragments to di-ethyldiazene 
fragments shows that the latter predominate in the ratio of 5.2:4.4. From 
this it may be inferred (assuming that conditions are equally favourable to 
the formation and isolation of both symmetrical tetrazenes), that the complex 
yields less than the predicted amount of dimethyldiazene. A possible 
explanation, which finds support in the observation of a peak at ni/e 116 
in the mass spectrum of Boehm's complex, is that oxidation of 1,1-dimethyl-
hydrazine with cupric chloride gives rise to a complex containing tetra-
methyltetrazene as ligand, as well as the diazene complex; a complex 
containing tetramethyltetrazene as the only ligand could not give rise 
to the mixed tetrazene on treatment with di-ethyldiazenium ion. 	It is, 
however, equally conceivable that the apparent presence of tetramethyl-
tetrazene in the complex, might instead be due to dimerisation of the 
diazene in the spectrometer; an alternative explanation for the results 
of the cross-coupling experiment would then be required. 
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The oxidation of 1-allyl-1-phenylhydrazine and i-benzyl--1-
pheny1hydrazine with cupric chloride was carried out by a procedure 
analogous to that outlined by Boehm et al in the case of 1,1-dimethyl-
hydrazine. 
Oxidation of l-benzyl-l-phenylhydrazine gave a mustard-brown 
powder which was examined after minimal exposure to the atmosphee. 
(After standing for several months in a sealed container, the brown 
solid had decomposed to give a moist brown cake of material which 
smelled strongly of benzaldehyde.) 	The mass spectrum of this material 
showed a parent peak at m/e 364 and the mass spectrum as a whole very 
closely resembled that of 1,4-dthenzyI-1,4-diphenyltetraz-2-ene all 
the corresponding fragmentation peaks were observed. As in the case 
of the complex derived from 1,1-dimethylhydrazine, the infra-red spectrum 
of the brown solid showed no absorption in the N-H region. The presence 
of copper was confirmed by heating a sample of the material in an ignition 
tube: a film of copper formed on the walls of the tube. 
Decomposition of this copper-containing material by the successive 
treatment with hydrochloric acid and ammonia solution at 0 °C was hampered 
by its very low solubility in acid; the undissolved material was removed 
by filtration to give a brown residue with the characteristic odour of 
benzaldehyde. The filtrate was basified to pH 10 and was repeatedly 
extracted with ether; concentration of these combined extracts gave a 
red-brown gum which smelled strongly of benzaldehyde. The n.m.r. 
spectrum of this material suggested the presence of benzaldehyde, N-benzyl-
aniline and 1,4-dibenzyl-1,4-diphenyltëtraz-2-ene, and this was confirmed 
by adding a sample of each in turn to the solution: no new signals 
appeared, and the expected signal enhancements were observed. Several 
spurious weak signals were also observed in the range S 4.0-5.0 p.'p.m., 
and t.l.c. indicated the presence of six components. 	Four of these were 
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1,4-dibenzyl-1,4-diphenyltetrazene with hydrochloric acid of the same 
strength as that used in the decomposition of the copper-containing 
material. A possible pathway leading to the observed products is 
illustrated in Scheme 96. 	 - 
The mass spectral evidence, and the nature of the decomposition 
products of the oxidation adduct are compatible with the formulation of 
the copper-containing material in terms of either the diazene or the 
tetrazene, or both. 
Oxidation of l-allyl-l-phenylhydrazine by an analogous procedure 
gave a rust-brown powder which was examined immediately. 	(The material 
was found to decompose readily, and after standing for several weeks in 
a. sealed container only a solid, brown mass remained). The presence of 
copper was again demonstrated by heating a sample of the material in an 
ignition tube. The mass spectrum of the copper-containing material was 
recorded at 7Q0, 1500 and 150 + °C. Weak peaks were observed at nile 334 
(Expected parent peak suggested by the formulation of Boehm et al, 
m/e 589) in the 150+°C spectrum and at m/e 292 in the lower temperature 
spectra, but the highest significant peak in each of the mass spectra had 
nile 264. 	Both these last-mentioned peaks are consistent with the presence 
of 1,4-di-allyl-1,4-diphenyltetraz-2-ene (P and P-N 2 respectively). 
More intense than any of these peaks, however, were those at nile 148 and 
146 which cannot be readily accounted for in terms of fragmentation of 
the tetrazene although, without ref érence to the mass spectrum of the 
authentic compound, the possibility cannot be ruled out. These peaks 
are consistent with l-allyl-l-phenylhydrazine and 1-phenylazoprop-2-ene (or 
its hydrazone tautomer) respectively; the mass spectra of the tetrazenes 
(41) and (43) do not show peaks attributable to the corresponding 
hydrazines and azo-compounds. 	Alternatively, nile 146 is consistent 
with the molecular formula of 1-allyl-1-phenyldiazene. The observation 
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of a peak at m/e 133 Cconsistent with the molecular ion of N-allylaniline) 
might be seen as suggesting the presence of N-allylaniline; however, the 
mass spectra of the tetrazenes (41): and (43)  show peaks attributable to 
the corresponding secondary amines. At 150°C, significant peaks were 
observed at rule 107 and 108. These peaks were also observed in the mass 
spectra of- 1-alkyl-l-phenylhydrazines and their hydrochlorides; the 
significant peak exhibited by tetrazenes in this region had rule 106. 
The mass spectrum of the copper-containing oxidation product of 
l-allyl-l-phenylhydrazine could therefore be interpreted as indicating 
the presence of any, or all, of 1,4-di-allyl-1,4-diphenyltetraz-2-ene, 
1-allyl-l-phenylhydrazine, 1-phenylazoprop- 2-ene and 1-allyl-1--phenyl-
diazene. The infra-red spectrum of this material showed a significant 
absorption in the N-H region at u 3250 cm -1 . The copper content, 
estimated by iodometric titration according to the method of Rezintskaya 
and Burtzeva, 145 wasfound to be 23.5 + 0.03%: a complex analogous to 
that proposed by Boehm et al for the case of 1,1-dimethyl-hydrazine would 
contain 32% of copper. 
Decomposition of the copper-containing material was again carried 
out at 0°C by basification of an acid solution of the material. The 
product was recovered as a brown oil whose n.m.r. spectrum showed two 
sets of signals attributable to the allylic protons of the allyl group 
(cH2=CE-CH 2-). 	The position of one set at 6 3.7 p.p.m. suggested the 
presence of N-allylaniline (Experimental p. 124 ). The position of the 
second set at 6 3.95 p.p.xn. suggested the presence of l-allyl-l- 
phenyihydrazine, (Experimental p. 131) but the spectrum of the olefinic 
the 
region did not support this;/ signals were attributed to 1,4-di-allyl- 
1,4-diphenyltetraz-2-ene. No signals attributable to 1-phenylazoprop-
2-ene were observed. Thin layer chromatography showed the presence of 
four components, and dry column chromatography on alumina gave five 
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overlapping bands. 	Each of these bands was isolated and the material 
recovered from each was examined by n.m.r. spectroscopy. Four of the 
bands gave trace amounts of red-brown gums, while the fifth gave a 
mobile red-brown liquid whose n.m.r. spectrum resembled that of the 
material before chromatography in that it showed the signals of N-allyl-
aniline and the corresponding tetrazene, the former being by far the 
major component; before chromatography, the latter predominated. 
Several spurious weak- signals were also observed. The infra-red spectrum 
of this liquid closely resembled that of N-allylaniline, but showed a 
second weak N-H absorption at v 3315 cm-1 . Examination of the liquid 
by t.l.c. supported the presence of N-allylaniline. Repeated column 
chromatography of this material, using a short column to enable rapid 
elution, gave the same series of overlapping bands as had been observed 
in the original column. The principal band (i.e. the same band as had 
previously given the major product), which was eluted with carbon tetra-
chloride, was collected and this solution was immediately examined by 
n.m.r. spectroscopy. The n.m.r. spectrum was found to be virtually 
identical to that of the material prior tore-chromatography indicating 
that the original liquid contained at least one species which underwent 
extensive decomposition on the column. 
The nature of the decomposition products of the copper-containing 
material, based on mass spectral data, allows certain of the proposals 
as to the nature of the material to be eliminated. The possible presence 
of 1-allyl-1-phenylhydrazine is unlikely; the conditions of decomposition 
of the complex would be expected to lead to the liberation of the free 
hydrazine, but this was not detected by n.m.r. spectroscopy. 	Furthermore, 
Beohm et al state that cuprous-hydrazine complexes are white but the 
complex isolated in this case was a uniform brown colour. The possibility 
of a complex containing 1-phenylazoprop-2-ene is also unlikely since no 
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signals attributable to this species were observed in the n.m.r. spectrum 
of the decomposition product; cuprous complexes of azo- compounds (usually 
red-brown solids) are known to regenerate the azo-compounds by thermolysis 
or by treatment with aqueous hydroxide. 146 The possibility of a complex 
containing N-allylaniline is conceivable, but the m/e (133) peak observed 
in the mass spectrum of the copper-containing material could also be 
derived from the tetrazene (vide supra). The most generally consistent 
proposal is that the copper-containing oxidation adduct contains either 
the tetrazene, or the diazene, or both, as ligand. The observation of an 
N-H absorption at u 3250 am 1 may possibly be ascribed to the protonated 
form of the tetrazene (66.) or perhaps to the presence of N-allylaniline. 
CONCLUSION: 
The most convincing evidence cited by Boehm et al to support their 
formulation of their complex as [ (CH 3 ) 2N=N} 2Cu3C13 , in which l,l-dixnethyl-
diazene is co-ordinated to copper, is the observed formation of a mixed 
tetrazene when it is decomposed in the presence of di-ethyldiazenium ions. 
The recovery of tetramethyltetrazene in 33% yield from the decomposition 
of the complex is not in itself strong evidence that dimethyldiazene and 
not tetramethyltetraz-2-ene is the co-ordinated species. Even the results 
of the cross-coupling experiment leave some room for doubt: the deviation 
from the statistical product distribution (vide supra) suggests that less 
than the theoretical yield of dimethyldiazene is liberated from the complex. 
This deviation may conceivably be due to part of the diazene content of the 
complex being present in the form of its dimer, tetramethyltetraz-2-erie. 
However, the observation of a peak in the mass spectrum of the complex, 
corresponding to the parent ion of the tetrazene is not in itself sufficient 
evidence in favour of tetrazene co-ordination. Liberation of the 
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tetrazene from the complex might be expected (under the conditions used) 
to give a mixture of the tetrazene and its decomposition products; these 
decomposition products (methylamine, dimethylamine and formaldehyde) 
would probably be lost during the work-up procedure (concentration of an 
ether extract of the decomposition product of the complex under vacuum) 
and so would not have been observed by Boehm et al. The low yield of 
tetrazene (33%) recovered from the decomposition of the complex contrasts 
markedly with the high yield of the same tetrazene (60-90%) obtained by 
McBride and Kruse9 from the basification of a solution of dimethyldiazenium 
ion followed by an analogous work-up procedure. The presence of tetramethyl-
tetraz-2-ene in the copper complex derived from 1,1- dime thyihydrazine could 
explain this discrepancy. 
Decomposition of the copper-containing material derived from the 
oxidation of l-benzyl-l-phenylhydrazine gave a mixture of the tetrazene 
and its decomposition products. The mass spectrum of the oxidation adduct 
showed all the peaks observed in the mass spectrum of the tetrazene; a weak 
peak attributable to the diazene (m/e 196) was also observed. 
The oxidation adduct derived from l-allyl-l-phenylhydrazine gave a 
mass spectrum consistent with the presence of both the tetrazene (m/e 292) 
and the diazene (m/e 146). 	Decomposition of the copper-containing 
material gave a mixture of products, one of which was shown to be 
N-allylaniline; the formation of this compound was ascribed to the acid-
catalysed decomposition of the corresponding tetrazene, by a pathway 
analogous to that shown in Scheme 96. 
Decomposition of the copper-containing adducts derived from these 
l-alkyl-l-phenylhydrazines gives products which are consistent with the 
formulation of these adducts in terms of diazene co-ordination as suggested 
by Boehm et al. However, the results may also be interpreted in terms 
of tetrazene co-ordination, the occurrence of which to a small degree, may 
also be accommodated in the work of Boehm et al. The outcome of a 
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cross-coupling experiment analogous to that carried out by Boehm et al. 
would indicate whether the diazene was in fact the co-ordinated species 
in these adducts. 
The isolation of a zinc complex of 1,1,4,4,-tetramethyltetraz-2-ene 
was reported by Noltes and van den Hurk147 in 1964. Michejda and 
Campbell148 have recently re-investigated the complex, which was prepared 
by mixing an excess of zinc chloride with a solution of tetramethyltetraz-
2-ene in tetrahydrofuran, and obtained results in accord with the 
formulation for the complex proposed by the original workers (67). The 
formation of analogous complexes by copper might therefore be reasonably 
expected, especially since tetraz-2-enes may be regarded as being substituted 
azo-compounds, and cuprous halide complexes of azo-compounds, prepared by the 




H. Nuclear Magnetic Resonance spectra were recorded on a Varian 
Associates E.M. 360 (60 MHz) or H.A. 100 (100 MHz) Spectrometer and 
13 C Nuclear Magnetic Resonance spectra were recorded on a Varian Associates 
XL 100 Spectrometer. Except where indicated otherwise, spectra were 
recorded at 28°C using deuterochioroform as solvent. Tetramethylsilarie 
was used as the internal reference unless otherwise stated. All chemical 
shifts are quoted in p.p.m. (6 scale), with tetramethylsilane as 0 p.p.m. 
In the description of n.m.r. spectra the following abbreviations are used: 
singlet (s), doublet (d), triplet (t), quartet (q) and muitiplet (m). 
J is the coupling constant quoted in Hertz (Hz). 
The infra-red spectra were recorded on a Unicam S.P. 200 or on a 
Perkin Elmer 157G Spectrophotometer. The suffixes to the infra-red 
bands quoted are abbreviated as follows: (w), weak; (rn), medium; 
(s), strong; (b), broad. 
Mass spectra were recorded on an A.E.I. M.S.902 double focussing 
instrument. 
Melting points were determined on a Reichert hot-stage microscope 
(except those involving the use of sealed tubes) and are uncorrected. 
The alumina used in chromatography was of Activity III. 
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Preparation of l-Alkyl-l-Phenylhydrazines. 
The generally preferred methods of preparing these hydrazines are 
a) by reduction of the corresponding nitrosamine which can be pre-
pared from the secondary amine, and b) by alkylation of phenyihydra-
zine or its sodium salt. The preparation of 1,1-dialkyihydrazines 
can be carried out cleanly and efficiently by the successive alkylation 
of t-butyl carbazate, and the possibility of adapting this method was 
examined. The results of this latter approach and the early obser-
vations made in the application of methods (a) and (b) above are first 
described. 
Attempted Alkylation of t-Butyl-2-Phenylcarbazate. 
t-Butyl-2-phenylcarbazate was prepared by the method of Carpino et al. 1 
A mixture of t-butyl azidoformate (11.35 g; 0.079 mol), phenyihydra-
zine (8.58 g; 0.079 mol), t.riethylamine (11.03 ml), and distilled 
water (20 ml) was mechanically shaken for ca. 48 h. The reaction 
mixture was concentrated on a warm water-bath under high vacuum to 
give an orange-yellow solid. This crude material was washed with 
water, sucked dry and then recrystallised from petroleum-ether 
(b.p. 60-80°C). 	The pure t-butyl-2-phenylcarbazate was obtained as 
pale orange-brown plates (8.41 g; 52% overall). 	M.P. 92-93.5°C, 
lit. 11 M.P. 91-93 °C; 6 1.45 (s, 9H, -C(CH 3 ) 3 ), 5.6-5.75 (s, 1H, Ph-NH-N-), 
6.3-6.5 (s, 1H, CO-NH-N-), 6.7-7.4 p.p.m. (m, 5H, aromatic); 	v 
(nujol) 3350 (m), 3280 (m), 1735 (rn), 1700 (m), 1605 (m), 1530 (w), 
1295 (w), 1245 (m), 1150 (in), 750 (in), 690 (in) cm 1 . 
The attempted alkylations were based on the method of Carpino 
et al') and the general procedure was as follows. 	A mixture of t-butyl-- 
2-phenylcarbazate (2.4-9.6 minole) and alkyl halide (2.4-9.6 mmole) in 
dry dimethylformamide (15-30 ml) was heated in an oil bath at ca. 55-60°C 
before adding triethylainine (2.4-9.6 mmole) in one portion. 	The 
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reaction time and conditions were different for each attempted alkyl-
ation and these are outlined below. The work-up procedure, however, 
was common to all these reactions: the reaction mixture was treated 
with water and extracted several times with methylene chloride. The 
combined extracts were dried (MgSO4) and the solvent was removed 
under vacuum. 
(a) Using allyL bromide. None of the experiments produced the expected 
precipitation of triethylamine hydrobromide and in each case work-up 
produced a red-brown gum or oil. 
The reaction mixture was stirred at 25 °C for ca. 6 h. 	Isolation 
of the product gave a red-brown gum which was shown by t.l.c. (CHC1 3 
on silica gel) to contain five components. The n.m.r. spectrum of 
this material suggested the presence of the allyl moiety. However, 
these signals were shown to be due to entrained allyl bromide. 
Wet column chromatography on alumina using 50-50 ether-chloroform afforded 
a red-brown gum whose n.m.r. spectrum resembled very closely that of 
t-butyl-2-phenylcarbazate. The gum crystallised on standing. 
The reaction mixture was heated at 65-70 0C in a flask equipped 
with a ref lux condenser, for 7 days. Again, a red-brown oil was 
obtained whose n.in.r. spectrum was identical to that of the crude 
material of (i) above. 
A small amount of the silver salt of trifluoroacetic acid was 
added to the reaction mixture which was then heated overnight at Ca. 
70°c as in (ii). Normal work-up afforded the same red gum with an 
n.m.r. spectrum identical to those of the crude products of (i) and 
(ii) above. 	After attempted trituration with water, petroleum- 
0 
ether (b.p. 60-80 C) and then benzene, a few milligrams of an off-white 
solid separated (m.p. 138 
0
C). 	The n.m.r. spectrum (dimethyl suiphoxide 
d 
6  ) of a weak solution of this solid showed only weak signals in the 
aromatic region. 
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(b) Using benzyl bromide. The reaction of benzyl bromide, a more 
active alkylating agent, at even higher temperatures was also examined. 
The reaction mixture was prepared as before and was first heated at 
30-40°C for 7 h before ref luxing overnight with stirring. Work-up 
afforded a red-brown oil whose n.m.r. spectrum (Cd 4 ) indicated almost 
complete disappearance of the singlet signal attributed to the t-butyl 
group. 	The remainder of the spectrum: (S 3.3-3.7 (broad s), 4.5 (s), 
6.5-7.6 p.p.m. (m), was shown, in the light of later experiments (see 
the preparation of l -benzyl-l-phenylhydrazine, p.135 ) to be not 
incompatible with the n.m.r. spectrum of l-benzyl-l-phenylhydrazine. 
The thermal lability of the carbazate protecting group suggested by 
this result was confirmed by a control experiment in which a solution 
of t-butyl-2-phenylcarbazate in dimethyl formamide was ref luxed under 
nitrogen for ca. 20 h. 	Removal of the solvent afforded an orange 
gum whose n.m.r. spectrum, compared to that of t -butyl-2-phenylcarbazate, 
showed a change from 5:9 to 3:1 in the aromatic:methyl proton integral 
ratio. 
Alkylation of the Sodium Salt of t-Butyl-2-Phenylcarbazate. 
A solution of t-butyl-2-phenylcarbazate (2.08 g; 0.01 mole) in dry 
benzene (40 ml) was added in one portion to a stirred suspension of 
sodium hydride (0.35 g of 80% dispersion in oil; 0.01 mole) and the 
resulting purple coloured mixture was heated under nitrogen with 
stirring at ca. 500C for 4 h. 	The mixture was cooled before adding 
allyl bromide (1.21 g; 0.01 mole) in one portion. 	Heating was 
resumed and continued overnight before filtering the reaction mixture 
through a celite pad. 	The filtrate was washed with water (70 ml) 
and then dried (MgSO4 ) before removing the solvent. Cleavage of the 
carbazate protecting group was achieved by treating a solution of the 
product gum in nitromethane (80 ml) with a steady stream of dry 
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hydrogen chloride gas. No precipitation of hydrochloride occurred. 
Removal of the solvent produced a dark brown gum which was dissolved 
in water and washed with ether before basifying with saturated sodium 
bicarbonate solution. Isolation of the product gave a yellow-brown 
liquid (0.18 g). 	In the light of later work (see p 131) the n.m.r. 
spectrum (Cd 4) of the product suggested it to be a mixture of 1-phenyl-
1-allylhydrazine and l-phenyl-2-allylhydrazine. 
Preparation of N-Nitrosainines and Their Attempted Reduction to 
l-Alkyl-l-Phenylhydrazines. 
This method represents the most unambiguous route to l-alkyl-l-phenyl-
hydrazines. However, to gain full advantage it is important that 
the pure N-nitrosamine precursor be obtained. This in turn requires 
that the secondary aromatic amines from which the N-nitrosaniines are 
prepared be pure. 
Preparation of Secondary Aromatic Amines. 
(i) N-Cyclopropylcarbinylaniline. The preparation of secondary 
amines by alkylation of aniline has been described by Hickinbotto 4 
who reports that the tertiary amine is also formed in Ca. 6% amount. 
However, when this method was applied to the preparation of N-cyclo-
propylcarbinylaniline, the product was shown by n.m.r. (Cd 4 ) to 
contain as much as 16% of the tertiary amine. This represents a 
serious shortcoming as a means of preparing small amounts of pure 
secondary amines in the cases where the alkylating agent is not readily 
available. 
The use of a blocking group to prevent further alkylation is 
the basis of the method used by Fones. 86 Treatment of the sodium 
salt of acetaniljde with an alkyl halide gives the N-alkylacetanilide 
which can then be hydrolysed to the desired amine. When an attempt 
was made to prepare N-cyclopropylcarbinylacetanilide, acetanilide was 
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recovered and n.m.r. evidence suggested that a.lkylation had occurred 
to an extent of less than 5%. The method was successfully employed 
in the preparation of N-allylaniline. 
(ii) N-Allylanil±ne. This was prepared by the method of Fones 6 
A solution of acetanilide (6.75 g; 0.05 mole) in hot xylene (200 ml) 
was added in one portion to a suspension of sodium hydride (1.40 g; 
0.058 mole) in dry xylene (50 ml), and the mixture was refluxed under 
nitrogen with stirring for ca. 24 h. A white precipitate separated. 
The mixture was cooled before adding allyl bromide (17.12 g; 0.141 mole) 
in one portion. After refluxing for Ca. 20 h under dry nitrogen, the 
mixture 'was filtered while still hot. Concentration of the filtrate 
gave a pale yellow solid. Pure N-aliylacetanilide was obtained as a 
white solid 'by recrystallisation from petroleum-ether (b.p. 40-60°C) 
(6.62 g; 76%), 	m.p. 43-45°C, 	
86 	
b.p. 99-103°C/2 mm); 'S (Cd 4 ) 
1.8(s, 3H, -COCH3 ), 4.1-4.3 Cm, 2H,, N-CH 	4.75-5.15 Cm, 2H, CE 	= CH 
5.5-6.2 Cm, 1H, -CE = CE 2), 6.9-7.4 p.p.m. (m, 5H, aromatic); v 
(nujol) 1690 (s) , 1660 (s), 1610 (s), 1280 (s), 950 (s), 790 (s), 
740 (s), 700 (s) , 660 (s) cm 1 ; m/e 175 (P), 132 (P-COCH 3 ) 
A solution of N-allylacetanilide (19.92 g; 0.0114 mole) in 3 M 
hydrochloric, acid (150 ml) was ref luxed for 2 h. 	Isolation of the 
product gave a dark brown liquid which was purified by distillation 
to give the pure N-allylanhline as a clear colourless liquid 
(10.64; 70%), 	b.p. 70-75°C/0.2 mm, lit86 b.p. 62-65°C/1.2 mm; 
'S (CC14 ) 3.3-3.8 (m, 3H, NH and N-CE 2-), 4.9-5.4 Cm, 2H, -CE = CH 
5.55-6.2 (m, Ui, -CH = CE 2 ), 6.3-7.3 p.p.m. (m, 5E, aromatic); v max. 
(film) 3405 (s), 1600 (s), 1500 (s), 1320 (s), 1310 (s) , 1260 (s), 
1180 (s) , 990 (m), 920 (s), 750 (s), 690 (s) cm- 1. 	The colourless 
distillate turned pale yellow on standing for several weeks. 
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Preparation of N-Nitroso-N-A)J-Lylaniline 
This was prepared from N-alLylaniline by the method of Hartmann and 
87 
Roll. 	A mixture of N-allylaniline (6.01 g; 0.045 mole), concen- 
trated hydrochloric acid (6.5 ml) and ice (18 g) was cooled to below 
10°C before adding a solution of sodium nitrite (3.16 g; 0.045 mole) 
in water (12 ml) with stirring over a period of ca.- 10 mm. The 
temperature was maintained below 10°C by adding ice to the reaction 
mixture as required. Stirring was continued for a further 1 h 
before extracting the orange-yellow mixture several times with benzene. 
Isolation of the product gave an orange oil which distilled as an 
orange-brown liquid (5.88 g; 80%) b.p. 95-96 °C/0.4 mm; 6(CC14 ) 
4.4-4.7 (in, 2H, N-CH 2-), 4.75-5.25 (in, 2H, CE = 
	
2' 5.35-6.05 (m, 
lH, -CH= CE 2), 7.1-7.6 p.p.m. (m, 5H, aromatic); v(film) 
3050 (m), 2900 (m), 1650 (m), 1600 (s), 1500 (s), 1480 (s), 1450 (S), 
1420 (s), 1130 (s, broad), 940 (s), 830 (m), 755 (s), 685 (s) cm- 1 
m/e 162 (P), 132 (P -NO). 
Attempted Reduction of N-Nitroso-N-Al1ylani1ine. 
(a) Reduction With Lithium Aluminium Hydride. The procedure used 
was-that of Hanna and Schueler,88 the only modification being the 
use of water rather than acetone to decompose the excess of the reducing 
agent. 	Isolation of the product gave a viscous brown liquid whose 
n.m.r. spectrum (CC1 4 ) indicated that it was a complex mixture of 
products. When the same procedure was applied to N-nitroso-N-
methylaniline (b.p. 84-89 °C/0.4 mm, ut.87 b.p. l35-137°C/l3 mm), 
the product was shown to be a mixture of starting nitrosamine (21%), 
l-methyl-l-phenylhydrazine (58%) and N-methylaniline (21%) by 
comparison of the n.m.r. spectra (CC1 4 ) of the product, N-methylaniline 
and 1-methyl-1-phenylhydrazine. 
When the method of Poirier and Bennington 89  was used (the 
essential difference being to extend reaction time to 2.5 h), an 
orange-brown liquid was obtained whose n.m.r. spectrum indicated the 
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presence of N-allylaniline (ca. 17%) as well as the desired hydrazine. 
The mass spectrum confirmed the presence of l-a]Jyl-l-phenylhydrazine 
(m/e 148). 
Reduction with Aluminium Amalgam. Aluminium amalgam was prepared 
by the method of Vogel 149and the reduction was carried out using the 
procedure of Carpino et al. 41 	Isolation of the product gave an 
orange-yellow liquid which was shown by n.m.r. (cd 4 ) to be a mixture 
of the desired hydrazine and N-allylaniline. 
Reduction with Zinc and Acetic Acid. The experimental method 
parallelled that of Hickinbottom? 	Isolation of the product gave 
a yellow-brown liquid, which was shown by n.m.r. (Cd 4 ) to be a 
mixture of l-allyl-l-phenylhydrazine and N-allylaniline. When applied 
to the reduction of N-nitroso-N-methylaniline, this procedure gave a 
product mixture which was shown by n.m.r. (Cd 4 ) to be of similar 
type, namely l-methyl-l-phenylhydrazine (57%) and N-methylanhline 
(43%) 
These experiments showed that reduction to the l-alkyl-l-phenyl-
hydrazine could indeed be achieved, but that in all cases, a consider-
able degree of further reduction to the secondary amine occurred. 
Attempted Preparation of 1-Alkyl-l-Phenylhydrazines by Direct Alkylation. 
(i) Alkylation of Phenyihydrazine. Early attempts were based on 
Hickinbottom's procedure for the alkylation of aniline. 
84 
 A mixture 
of phenylhydrazine (2 moles) and cyclopropylcarbinyl chloride (1 mole) 
was heated under nitrogen at 90 °C for ca. 100 h. Phenylhydrazine 
hydrochloride separated and was filtered off leaving the product as a 
brown liquid. The mass spectrum of this material suggested that as much 
as 32% of dialkylation had occurred (m/e 216), and the n.m.r. spectrum 
supported this. 
-127- 
The alkylation of ph.enylhydrazine at room temperature in ether 
solution was reported to give the 1-phenyl-2-alkylhydrazine. 5 
However, when examined in connection with later work (see R. 149 ), 
the principal product was found to be the l-alkyl-l-phenylhydrazine. 
The molar ratio of phenylhydrazine to alkyl chloride was again 2:1 
and under these conditions alkylation with allyl bromide was found by 
n.m.r. (Cd 4 ) to give a mixture of l-allyl-l-phenylhydrazine (78%) 
and 1-phenyl-2-allylhydrazine (22%). Alkylation with cyclopropyl-
carbinyl chloride under these conditions gave only a trace amount of 
dialkylated material detectable by mass spectrometry. 
These experiments showed that while the problem of dialkylation 
could be overcome by working in ether solution, the formation of 1-phenyl-
2-alky1hydrazines was a serious disadvantage. 
(ii) Alkylation of the Sodium Salt of Phenyihydrazine. 	The preparation 
of the sodium salt by the action of sodium metal on excess phenylhydrazine 
was described by Michaelis. 6 
	
Titherley98 reported the preparation 
of sodium phenyihydrazine by treating sodamide with a slight excess of 
phenyihydrazine. 	In practice however, this latter method proved very 
troublesome and the isolated product of alkylation was found to contain 
a considerable amount of unreacted phenyihydrazine. The use of sodium 
hydride in place of sodamide proved both convenient and effective. 
An equimolar ratio of phenyihydrazine to sodium hydride was used. 
The sodium hydride was obtained as a 50% dispersion in oil and twice 
the required amount was weighed out before washing with dry benzene. 
The sodium salt was formed by heating the mixture of phenyihydrazine 
and sodium hydride in dry benzene at Ca. 40 0C under dry nitrogen 
for Ca. 1 h. 	The mixture was cooled, the alkyl halide was added 
and the reaction mixture was ref luxed for Ca. 3 h. 	Isolation of 
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the product gave an orange-brown liquid whose n.m.r. spectrum (Cd 4 ) 
showed the presence of a considerable amount of phenyihydrazine 
(typically ca. 30%) in addition to the l-alkyl-l-phenylhydrazine. 
Only a trace amount of dialkylated material was detected by mass 
spectrometry. All attempts to remove the phenyihydrazine by.distillation 
were unsuccessful. 
A. convenient method of accurately estimating the phenyihydrazine 
content was found to be the reaction of the alkylation product with 
acetone. The n.m.r. solution of the alkylation product was dissolved 
in 'Analar' acetone (ca. 10 ml) and a small amount of anhydrous 
magnesium sulphate was added. This mixture was heated at Ca. 60 °C 
for 2 h before filtering off the magnesium sulphate and removing the 
solvent. The n.m.r. spectrum of this product (100 MHz, Cd 4 ) showed 
two singlets which were assigned to the 2Ln.7 and anti- methyl signals 
of acetone phenylhydrazone ('5 1.75, 2.02 p.p.m.) by comparison with 
the n.m.r. spectrum of authentic acetone phenyihydrazone. The two 
larger singlets observed in the same region of the spectrum were 
assigned to the acetone N-alkyl--N-phenylhydrazone. The phenyihydrazine 
content was estimated by comparing the integration ratios of these 
two pairs of singlets. This reaction with acetone was also used to 
differentiate between the 1-alkyl-l-phenylhydrazine and the 1-phenyl-2--
alky1hydrazine. 
97 
(iii) Removal of Phenyihydrazine. 	Michaelis and Claessen found 
that a mixture of 1-allyl-1--phenylhydrazine and 1-allyl-2-phenylhydrazine 
could be separated by converting the mixture to the solid hydrochloride 
and recrystallising this from benzene. 	The 1,1-isomer separated while 
the 1,2-isomer stayed in solution. 	The possibility of using a similar 
approach to remove the phenyihydrazine from the product of alkylation 
-129- 
of the sodium salt of phenyihydrazine was suggested by the finding 
that authentic phenyihydrazine hydrochloride was quite insoluble in 
boiling benzene. 
The hydrochloride was prepared by passing a stream of dry hydrogen 
chloride gas through a solution of the alkylation product in ether at 
0 
0 C. The precipitated white solid was collected, washed with ether 
and sucked dry. Boiling benzene extracts of this material were 
filtered while hot and the combined filtrates were cooled on ice. 
The white solid which separated was collected and sucked dry. The 
hydrazine regenerated from this recrystallised material was shown by 
n.m.r. to be quite pure and free of phenyihydrazine. 
Comparison of the infra-red spectra of authentic phenyihydrazine 
hydrochloride, the crude hydrochloride and the recrystallised material 
showed that the differences between the spectra of the crude and the 
recrystallised hydrochloride could be related to the loss of phenyl-
hydrazine hydrochloride in the recrystallisation process. From these 
observations three infra-red bands were found to be diagnostic for the 
presence of phenyihydrazine hydrochloride in the crude hydrochloride of 
the alkylation product. 	These were: v (nujol) 887, 857, 770 cm - 
The latter was not too useful as that region of the spectrum was generally 
very complex. 
Thus the presence of phenyihydrazine could be clearly shown in two 
ways and the hydrochloride approach appeared to offer a successful method 
for its removal. 	It was later found that by weighing out the sodium 
hydride after washing to remove oil, the problem of residual phenyihydrazine 
could be avoided. Cases where residual phenyihydrazine was observed, 
even with this modification, could probably be related to the purity 
of the sodium hydride. 	The following general procedure was developed. 
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Formation of l-Alkyl-l-Phenylhydrazines by Alkylation of the Sodium 
Salt of Phenyihydrazine. 
Ci) Preparation of Sodium Hydride. The sodium hydride oil dispersion 
was swirled with benzene (dried.over sodium) to remove the oil. The 
grey slurry was then filtered on a sintered funnel under suction.. 
A stream of compressed air (dried by passing through concentrated 
sulphuric acid) was passed over the pad of sodium hydride by means 
of an inverted funnel.. When dry, the required amount of sodium 
hydride was quickly weighed into the reaction vessel. 
Preparation and Alkylation of the Sodium Salt of Phenyihydrazine. 
An equimolar mixture of sodium hydride and phenyihydrazine in dry 
benzene (0.1 mole of each reactant in 150 ml of benzene was stirred 
under nitrogen at ca. 70°C for 2-7 h. The sodium salt formed as a 
yellow-brown precipitate. The mixture was cooled at room temperature 
before adding an equimolar amount of the alkyl halide and this mixture 
was stirred overnight at room temperature before ref luxing for several 
hours. The precipitated sodium halide was removed by filtration 
through a celite pad and the filtrate was concentrated. Occasionally 
the filtration process proved quite difficult as the very fine pre-
cipitate blocked the filter. As an alternative procedure, the sodium 
halide could be removed by washing with water. 
Removal of Phenylhydrazine from the Alkylation Product. A stream 
of dry hydrogen chloride gas was passed into a solution of the alkylation 
product in dry ether. (typically 0.04 mole in 80 ml of ether) at 0 °C for 
ca. 7-10 mm. 	The precipitated hydrochloride was collected, washed with 
ether and sucked dry. The filtrate was evaporated to give a further 
yield of hydrochloride in the form of a dirty white solid or a green-
brown gum. The gum could sometimes be induced to solidify by 
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scratching. In this way the hydrochloride could be obtained in 
80-85% yield but only about half the yield was accounted for in the 
precipitate, the rest being recovered from the filtrate. 
Phenylhydrazine contamination was identified by examining the 
infra-red spectrum of the hydrochloride for the characteristic bands 
at 887, 857 and 770 cm-1
. 
	If these bands were found, the hydrochloride 
was exhaustively extracted with boiling benzene. The combined 
extracts were evaporated as the hydrochlorides proved to be surprisingly 
soluble. The hydrochloride recovered from benzene was basified with 
dilute aqueous sodium carbonate solution (20%) to give the pure 1-alkyl-l-
pheny1hydrazine. 	The residue of the benzene extraction process, when 
similarly basified, was shown to be mainly phenylhydrazine with a very 
small amount of the 1-alkyl-l-phenylhydrazine. 
The hydrochlorides exhibited peculiar melting point behaviour 
in unsealed tubes. They appeared to melt, then recrystallise and melt 
again with decomposition over a large temperature range. The quoted 
melting points of the hydrochlorides refer to the melting point of the 
solid in a sealed tube, a much sharper melting point being obtained 
under these conditions. 
a) Preparation of 1-Allyl-1-Phenylhydrazine. The sodium salt of 
phenyihydrazine was alkylated using allyl bromide. The mixture was 
ref luxed for Ca. 5 h to give the product uncontaminated by phenylhydrazine, 
in 57% yield. 	(As celite was unavailable, the reaction mixture was 
filtered through a pad of alumina and this probably accounts for the 
low yield as the product would be adsorbed to a greater extent than 
with celite); 	6(100 MHz) 3.45 (s, 2H, -NH ), 3.9-4.0 (m, 2H, CH 2 CHCH2 ) 
5.05-5.30 (m, 2H, -CE2-CHCH2 ), 5.6-6.0 (m, lH, -CH 2-CHCH2 ), 6.6-7.3 p.p.m. 
(m, 5H, aromatic) ; V 	 (film) 3305 (m), 3040 (m), 1585 (s) , 1480 (s) 
1340 (m) , 1220 (m), 915 (m) , 875 (m), 750 (s), 695 (s) cm1. 
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The hydrochloride (ex benzene) had m.p. 148-151 0C, lit.150m.p. 149-150°C 
V 	(nujol) 1595 (m), 1585 (m), 1575 Cm), 1550 (m), 1500 (rn), 930 (m), 
915(m), 760 (s), 740 (m), 730 (m), 720 Cm) 690 Cm) cm-1 . 	After 
several weeks the hydrochloride had developed a purple colour where it 
had been exposed to sunlight. 
b) Preparation of l-Cyclopropylcarbinyl-l-Phenylhydrazine. 
Preparation of Cyclopropylcarbinol. This was prepared by the method 
of Sneen et a1 51 . 	A solution of cyclopropanecarboxylic acid (25.80 g; 
0.30 mol) in ether. (150 ml) was added over a period of ca. 2 h to a stirred 
suspension of lithium aluminium hydride (14.20 g; 0.375 mole) in ether 
(500 ml). The mixture was stirred for 1 h and a solution of sodium 
potassium tartrate (73 g) in water (97 ml) was added. The ether layer 
was separated and washed with saturated sodium chloride solution. The 
residue was treated with saturated sodium chloride solution (200 ml) 
and water (100 ml) and this mixture was extracted with ether. The 
product isolated from the combined ethereal extracts wasi distilled 
to give a clear colourless liquid (15.27 g; 70%). b.p. 121-123 0C, 
151 123
°C; 	0.0-1.5 Cm, 5H, cyclopropyl) , 2.55-2.90 (broad, s, 
1H, -OH), 3.35-3.50 (d, J = 7 Hz, 2H, -CH 2-OH); v 	(film) 3350 max. 
(broad, s), 2880 (s), 1450 (broad, s), 1260 (m), 1160 (w) , 1040 
(broad, s), 930 (m), 840 (m), 805 (w) cm 1 . 
Preparation of Cyclopropylcarbinyl Chloride. The method of 
Caserio et al.152 was employed. A solution of purified thionyl 
chloride 153  (46.40 g; 0.39 mole) in dry ether (560 ml) was slowly 
added to an ice-cooled mixture of cyclopropylcarbinol (28.11 g; 0.39 mole) 
and tri-n-butylaxnine (71.40 g; 0.39 mole) keeping the temperature below 
6°C. 	The reaction mixture, consisting of two liquid phases, was then 
distilled under vacuum and the volatile components were collected in 
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three traps in series at -78°C. The yield was improved by heating the 
brown oily distillation residue to ca. 1500C to remove entrained 
material. The distillate was concentrated and was distilled through 
a column packed with Fenske helices. Pure cyclopropylcarbinyl 
chloride was obtained as a clear, colourless, sweet-smelling liquid 
(21.76 g; 61%, lit 52 yield 86%:; without heating to 1500C in the 
distillation procedure, yields of 40-50% were obtained). b.p. 82-84 °C, 
lit. 152 82.5-85.5 °C; 6(CC14) 0.1-1.5 (in, 5H, cyclopropyl), 3.3-3.4 
(d, J = 7 Hz, 2E, -CH
2 
 -C1); u
max. (film) 3080 (w), 3000 (m), 2950 (m), 
2860 (w) , 1440 (in), 1370 (w), 1265 (s), 1230 (m) , 1035 (w), 1018 (s) 
915 (s), 830 (s) , 790 (w), 700 (s) cm -1 
(iii) Alkylation of the Sodium Salt of Phenyihydrazine with Cyclo-
propylcarbinyl Chloride. The mixture was ref luxed overnight and the 
product was isolated in 64% yield. The n.m.r. spectrum indicated the 
presence of phenyihydrazine and this was confirmed by examination of 
the infra-red spectrum of the hydrochloride of the crude product. 
The crude hydrochloride was isolated in 83% yield, half being obtained 
as a white precipitate, while the other half was obtained by concen-
tration of the filtrate. 	The infra-red spectrum of this latter half 
did not exhibit the characteristic absorptions of phenyihydrazine 
hydrochloride, and was identical to that of the product obtained by 
extraction of the precipitated hydrochloride with boiling benzene. 
Pure 1-cyclopropylcarbinyl-1-phenylhydrazine hydrochloride was isolated 
in 57% yield, and the free base was regenerated on treatment with 20% 
aqueous sodium carbonate solution (70% recovery); 6 (100 MHz, Cd 4 ) 
0.1-1.3 (m, 5H, cyclopropyl), 3.10-3.16 (d, J = 6 Hz, 2H, -CH 2-cyclopropyl), 
3.40 (s, 2H, -NH 2), 6.50-7.22 (in, 5H, aromatic); v 	(film) 3335 (w), 
3080 (w), 3000 (w) , 2920 (w) , 1595 (s), 1495 (s), 1450 (w), 1425 (w) 
1385 M, 1340 (broad, w), 1238 (m), 1150 (m), 1018.(m), 985 (in), 
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930 (w), 870 (m), 828 (m), 750 (s), 690 Cs) cm -l
. 
	The hydrochloride 
(ex benzene) had m.p. 135-138°C; v 	(nujol) 1600 (s), 1580 (s), 
1550 (s), 1500 (s), 1345 (in), 1325 (w), 1250 (w), 1210 Cm) , 1170 (in), 
1105 (w), 1085 (w), 1070 (w), 1055 (w), 1035 (w) , 1020 (m), 1000 (w), 
940 (m), 925 (in) , 835 (m), 795 (m), 760 (s) , 735 (m), 690 (s) cm-1 . 
The hydrochloride developed a pale brown colour after several weeks. 
c) Preparation of 1- (But-3-en-l-yl) -l-Phenylhydrazine. The sodium salt 
was alkylated using 1-bromobut-3-ene. The mixture was stirred for one week 
at room temperature and the product was isolated as a mobile yellow liquid. 
(80-87% yield). The infra-red spectrum of the hydrochloride showed that 
was 
the alkylation product /uncontaminated by phenyihydrazine; 6(100 MHz) 
2.20-2.45 (m, 	2H, -CH2CH2CH = CE2 ), 3.30-3.46 and 3.47 	Cm and s, -NH2 and 
-CH CH CH = CE2 ) , 4,92-5.20 Cm, 	2H, -CH2CH2CH 
= 	2' 	
5.58-6.04 (m, 	lH, 
-CH 2CH2CE = CE2 ), 6.58-7.35 p.p.m. (m, 5H, aromatic); v 	(film) 
3340 (w) , 3050 (m) , 2920 Cm), 1645 (m), 1605 (s), 1505 (s) , 1460 (m) 
1360 (m) , 1285 Cm) , 1210 (in) , 1160 Cm), 1080 (w) , 1030 (w), 995 (in), 
920 (in), 880 (in), 750 (s), 690 (s) cm-1 ; m/e 162 (P) 121 (P-CH 2CH = CE2 ). 
The hydrochloride (ex benzene) had m.p. 102-105 °C; V 	(nujol) 2690 
(broad in) , 1628 Cm) , 1590 (s) , 1485 (s), 1335 (w), 1300 (w), 1270 (w) 
1205 (w) , 1180 (m) , 1145 (w), 1080 (w), 1060 (w) , 1025 (in) , 995 (in), 
920 (s), 890 (w), 760 (s), 738 (in), 725 (w), 690 (s) cm. 
The n.m.r. spectrum of the butenyl moiety in the hydrazine was 
different from that in 1-bromobut-3-ene. The splitting pattern of 
the protons next to bromine and then next to nitrogen (-CH--2 = CH 2 ) 
changed from a triplet in the bromide to a multiplet of four lines in 
the hydrazine. The proton assignments were based on the results of 
decoupling experiments. The identity of the product of alkylation 
was confirmed by its reaction with acetone (see p.128). 	The n.m.r. 
spectrum of the brown, liquid product was as expected for acetone 
1- (but-3-enyl) -l-phenylhydrazone. 
- 	-135- 
d) Preparation of 1-Benzyl-1-Phenylhydrazine. The sodium salt of phenyl- 
hydrazine was alkylated using benzyl bromide. The mixture was refluxed 
for 10 h and the product was isolated as a yellow-brown liquid in 87% 
yield. The hydrochloride was prepared and the absence of phenyihydra-
zine from the alkylation product was confirmed; 6(CC1 4 ) 3.28 Cs, 2H, 
4.46 (s, 2H, -CH 2-Phenyl), 6.5-7.3 p.p.m. (m, lOH, aromatic); 
V 	(film) 3340 (w), 3010 (m), 1600 (s), 1505 (s), 1465 (s), 1360 (m), 
1300 (w), 1215 (rn), 1155 (w), 1080 (m), 1030 (m), 990 (m), 960 Cm), 
885 (s), 750 (s), 730 (s), 690 (s) cm 1 . 	The hydrochloride (ex benzene) 
had m.p. 170-172 °C, lit. 54 m.p. 176-177°C; v 	(nujol) 2680 (broad, m), 
1600 (m), 1590 (m), 1526 (m), 1490 (m), 1080 (w), 1018 (w), 905 (w), 830 
(w), 780 (w), 760 (m), 730 (m), 695 (s) cm-1 . 	After several weeks, the 
hydrochloride had developed a purple colour where it had been exposed to 
sunlight. 
(e) Preparation of 1- (3-Phenylprop-2-ynyl) -1-Phenyihydrazine 
(i) Preparation of 3-Phenylprop-2-yn-1-01 The alcohol was prepared by 
the method of Schaap et al) 55 by treating the lithium salt of phenyl 
acetylene with paraformaldehyde. When lithium hydride was used as the 
base, phenylacetylene was recovered unchanged. However, the preparation 
was achieved smoothly and in good yield using n-butyl-lithium. 
Commercial n-butyllithium in hexane (ca. 2.1 M) was added slowly 
to a stirred solution of phenylacetylene (13.92 g; 0.13 mol) in dry 
ether (135 ml) containing a crystal of triphenylmethane. The addition 
was carried out by transferring the hexane solution directly from the 
bottle via a stainless steel capillary tube under a pressure of dry 
nitrogen. The addition was continued until the red-brown colour of 
triphenylmethyl anion appeared, indicating that an excess of base was 
present. The mixture was refluxed under dry nitrogen for ca. 45 mm. 
-136- 
The yellow solution was evaporated under vacuum and the resulting 
grey solid was quickly dissolved in dry ether (150 ml). This solution 
was stirred under dry nitrogen and paraformaldehyde (3.94 g; 0.13 mole) 
was added in small portions. The mixture was ref luxed for ca. 25 mm. 
to give a bright yellow solution and a. white precipitate. Hydrolysis 
with an excess of 20% aqueous hydrochloric acid followed by ether 
extraction gave the product as a red-brown liquid which distilled as a 
pale yellow mobile liquid. (11.97 g; 67%). 	b.p. 94-96°C/O.7 mmHg 
lit. 155 b.p. 137-138°C/15 mm Hg; 6 3.75-4.20 (broad, s, 1H, -OH), 
4.35r5.52 (broad s, 2H, -CH 2 OH) , 7.1-7.6 p.p.m. (m, 5H, aromatic); 
'max. (film) 3300 (broad s), 2920 (m), 2860 (m), 2230 (w), 1592 (m), 
1485 (s), 1438 (m) , 1360 (w), 1250 (w), 1220 (w), 1065 (w), 1028 (s), 
995 (m) , 950 (m), 910 (w), 755 (s) , 690 (s) cm- 1. 
(ii) - Preparation of 1-Bromo-3-Phenylprop-2-yne. The compound was 
prepared by the action of phosphorus ­ . .trthromide on 3-phenylprop-2-yn-
1-ol, using an adaptation of the methods of Bartlett and Roseri 156 and 
157 
Smith and Swenson-_  
Phosphorous tribromide (12.78; 0.047 mole) was added over a 
period of Ca. 2 h to a stirred solution of 3-phenylprop-27-yn-l-ol 
(12.00 g; 0.091 mole) and dry pyridine (1.50 ml) in dry ether (25 ml) 
at 0°C. The mixture was stirred at 20°C for ca. 18 h and was then 
washed with water (100 ml) and extracted with ether. The product 
was isolated as a brown liquid, which distilled as a very pale yellow 
liquid. 	(13.32 g; 75%) b.p. 72-800C/0.6 
 
mm Hg lit. 	b.p. 110-120 Cl 
8 mm Hg; 6 4.10 (s, 2H, -CH 2Br), 	7.1-7.55 p.p.m. (m, 5H, aromatic) 
V 	(film) 3050 Cw) , 2950 Cw), 2260 (w), 2215 (m), 1590 (m) , 1568 (w) max. 
1485 (s), 1438 (s), 1420 (w), 1268 (s), 1200 (s) , 1065 (w) , 1025 (m), 
980 (m) , 915 (w) , 755 (s) , 690 (s) cm- 
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(iii) Alkylation of the Sodium Salt of Phenyihydrazine with 1-Bromo-3-
phenylprop-2-yne. The mixture was refluxed overnight and the product 
was isolated as a viscous brown liquid in 89% yield. The infra-red 
spectrum of the hydrochloride confirmed the absence of residual phenyl-
hydrazine in the alkylation product; 5 3.76 (s, 2H, -NH 2 ), 4.35 (s, 211, 
-N-CE 2-), 6.7-7.6 p.p.m. (m, 1011, aromatic); v 	(film) 3315 (m), 
3040 (in), 3010 (m), 2905 (w), 2220 (w), 1585 (s), 1480 (s), 1440 (in), 
1430 (m), 1315 (s), 1210 (in), 1150 (m), 1135 (in), 1070 (w), 1065 (w), 
1020 (m), 985 (w), 950 (m), 930 (in), 880 (s), 755 (s), 690 (s) cm 1 . 
The hydrochloride (ex benzene) had M.P. 161-164 °C V 
max. 
 (nujol) 1610 
(m), 1590 (m), 1540 (in), 1510 (m), 1340 (w) , 1210 (m), 1175 (in), 1110 (w) 
1090 (w), 1070 (w), 1035 (w), 1000 (w), 960 (w), 915 (m), 760 (s), 750 
(s), 740 (m), 685 (s) cm-1 ; m/e 222 (P-Ed), 107 (B). 
(f) Preparation of 1- (2-Styrylphenylxnethyl) -l-Phenylhydrazine. 
The sodium salt of pheny1hdrazine was alkylated using 2-styryiphenylmethyl 
chloride. 
(i) Preparation of Benzalphthalide. The method used was that of Weis S158 
A mixture of phthalic anhydride (50.00 g; 0.33 mol), phenylacetic acid 
(55.00 g; 0.40 mol) and fused sodium acetate (1.30 g) was heated rapidly 
to 230°C in a sand bath. 	When the condensation commenced i.e. water was 
evolved, the temperature was raised to 238-241 °C over a period of ca. 2 h 
and then maintained at 240°C for a further 1 h. After this time the 
theoretical volume of water (6 ml) had been collected. The orange-brown 
mass was cooled to 90-95°C and was dissolved in the minimum volume of hot 
ethanol (ca. 200 ml). 	The solution was filtered and allowed to stand 
overnight. Benzaiphthalide was obtained as a sweet-smelling, pale- 
158 
yellow solid (54.20 g; 74%), M.P. 99-100°C, lit. 	M.P. 100-101°C; 
6 6.4 (s, 111, >C = CE-), 7.15-8.0 p.p.m. (in, 911, aromatic); u max. 
(nujol) 2910 (m), 2840 (m), 1760 (s), 1650 (w) , 1600 (w), 1485 (m) 
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1460 (in), 1440 Cm), 1350 Cm), 1270 (m), 1200 (w), 1175 (w), 1160 (w), 
1150 (w), 1080 Cm), 1000 (w), 980 (s), 965 (s), 870 Cm), 865 (m), 
855 (m), 850 (m), 775 Cs), 770 Cs), 760 (rn), 710 (in), 690 (s) cm-1 . 
Preparation of Benzylphthalide. The method employed was that of 
Natel son and Gottfried. 
159 
	Benzalphthalide (30.00 g; 0.135 mole) was 
dissolved in a hot solution of potassium hydroxide (7.83 g) in water 
(13 ml). The solution, diluted with water to a volume of 210 ml, was 
added to sodium amalgam, prepared by the addition of mercury (274 g) to 
molten sodium (9.14 g) under liquid paraffin. Vigorous frothing occurred; 
after stirring at Ca. 100°C for ca. 6 h, the initial orange-pink colour 
had disappeared. The mixture was allowed to settle-and cool before 
carefully isolating the colourless middle aqueous layer. This was washed 
with ether before acidifying with dilute sulphuric acid. Benzylphthalide 
was collected by filtration as a white solid (14.21 g; 47%), m.p. 58- 
°C, lit. 	m.p. 61° 59 	 C; 6 3.18-3.30 Cd, J = 7 Hz, 2H, >CH-CH 2-), 5.6- 
5.9 (t, 2H, 	CH-CH 2-), 7.1-8.0 p.p.m. (m, 9H, aromatic), v 	(nujol) 
1745 (broad, s) 1590 (s) , 1490 (s) , 1340 (s) , 1310 (s) , 1285 (s) , 1260 
(s) , 1210 (s), 1190 (m) , 1100 (in) , 1075 (s) , 1060 (s) , 1040 (s), 1010 (rn), 
980 (s), 910 (m) , 900 (m), 880 (m) , 860 (m), 755 (s), 730 (s), 700 (s), 
685 (s) cm 1 . 
The aqueous filtrate was extracted with ether and the viscous yellow 
oil obtained by concentrating this extract was found (n.m.r. spectrum) 
to be wet benzylphthalide (18.63 g). 	Both fractions of benzylphthalide 
were used in the next stage without further purification. 
Preparation of Stilbene-2-Carboxylic Acid. 	The procedure of 
Natelson and Gottfried 159 was followed. The crude benzylphthalide 
(30.00 g; 0.135 mole) dissolved in 95% aqueous ethanol (55 ml), was 
treated with potassium hydroxide (11.86 g). 	The mixture was gradually 
heated to 1500C. The alcohol distilled over and the brown residue began 
to foam. The temperature was raised to 180 °C and was kept at 180-200°C 
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for ca. 4.5 h during which time water distilled from the mixture. 
The brown, tarry residue solidfied on cooling and was dissolved in 
water. This solution was washed with ether and then acidified with 
20% aqueous hydrochloric acid. The crude stilbene-2-carboxylic acid 
was collected by filtration and was recrystallised from ethanol, 
giving the pure compound as white needles (8.20 g; 61%). m.p. 159- 
0 	159 
160 C, lit. 	m.p. 160 C; S 6.8-8.2 (m, llH, aromatic and olefinic), 
10.3-11.4 p.p.m. (broad s, 1H, -OH); v 	(nujol) 2900 (v. broad, s), 
1665 (broad, s) 1615 (m), 1585 (m), 1550 (m), 1480 (m), 1450 (m), 1435 
(m) , 1400 (m), 1305 (s), 1280 (s) , 1245 (s), 1158 (m), 1138 (m), 1075 (m), 
1045 (w) , 985 (m), 965 (s) , 935 (m), 840 Cw), 785 Cw), 760 (s), 700 (s), 
680 (s), 670 (m), 630 (w) cm 1 . 
Preparation of 2-Styryiphenylmethyl Alcohol. A solution of stilbene-
2-carboxylic acid (13.10 g; 0.058 mole) in dry ether (200 ml) was added 
over a period of 30 mm. to a stirred suspension of lithium aluminium 
hydride (3.57 g; 0.094 mole) in dry ether (50 ml), at a rate sufficient 
to maintain gentle boiling. The mixture was refluxed for ca. 3 h before 
adding a saturated aqueous solution of potassium sodium tartrate. The 
product was isolated as a white solid which recrystallised from ether as 
160 
pure white needles (10.02 g; 82%). m.p. 96-97 C lit. 	m.p. 92-93 C; 
S 1.8 (s, 1H, -OH), 4.85 (s, 2E, 	2 0H), 6.9-7.8 p.p.m. (m, 11H, 
aromatic and olefinic); v 	(nujol) 3240 (broad, s), 1590 (w), 1570 (w), 
1490 Cm), 1095 Cm) , 1045 Cm), 1035 (s), 958 (s), 758 (s), 710 Cm), 685 (m) 
cm 1 ; m/e 210 (P). 
Preparation of 2-Styryiphenylmethyl Chloride. 	Conversion of 2- 
styryiphenylmethyl alcohol to 2-styrylphenylmethyl chloride was achieved 
160 
by the method of Natelson and Gottfried. 	Thionyl chloride (44 ml; 
153 
purified by the method of Vogel ) was added over 1 h to a stirred 
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solution of the alcohol (11.00 g; 0.052 mole) in dry ether (120 ml) 
at 0°C. The solution was then heated under reflux with stirring for 
ca. 40 mm. The solvent and residual thionyl chloride were removed 
under vacuum and the dark green residue was dissolved in ether. The 
ether solution was washed with aqueous sodium carbonate solution and 
the product was isolated as a very pale-yellow, viscous liquid after 
distillation (10.10 g; 84%). b.p. 148-151
0 
 C/0.6 mm Hg, u.t.160 b.p. 
170-185 
0
C/15 mm Hg. The chloride turned yellow-orange on standing 
for several weeks; 6 4.68 (s, 2H, -CE 2C1), 6.75-7.75 p.p.m. (m, llH, 
aromatic); v 	(film) 3050 (m), 3020 (m), 2960 (w), 1630 (w), 
1595 (m), 1570 (w) , 1490 (m), 1445 (m), 1330 M, 1300 M, 1255 (s), 
1200 (w), 1180 (w), 1070 (w), 980 (w), 960 (s), 850 (w), 835 (w), 
780 (w), 760 (s) , 730 (m), 690 (s), 665 (s) cm -1 . 
(vi) Alkylation of the Sodium Salt of Phenylhydrazine with 2-Styryiphenyl-
methyl Chloride. The mixture was ref luxed for 12 h and the product was 
isolated as a pale-pink solid in 86% yield. The infra-red spectrum of 
the hydrochloride confirmed the absence of phenyihydrazine from the 
product. 	The free hydrazine had m.p. 93-95 °C (unrecrystallised); 
6 3.45 (s, 2H, -NH2 ), 4.6 (s, 2H, N-CH 2-), 6.7-7.7 p.p.m. (m, 16H, 
aromatic and olefinic); m/e 300 (P), 193 (B). 	The hydrochloride 
(ex benzene) had m.p. 177-179°C; v 	(nujol) 2680 (s), 1595 (m) 
1525 (s), 1490 (s), 1150 M, 1075 (w), 1045 M, 1020 (w), 960 (s), 
910 (m), 785 (m), 760 (s), 740 M, 720 (in), 700 (s) , 690 (m) cm 1 ; 
m/e 300 (P-HC1), 193. 
Attempted Preparation of 1-Cumyl-1-Phenylhjjdrazine and 1-Phenyl-1-
Triphenylmethyihydrazine. 
Interest in the preparation of these hydrazines arose from the results 
of early experiments on the oxidation of 1-benzyl-l--phenylhydrazine. 
-141- 
The oxidation product had been found to be an apparently complex 
mixture and not the reported tetrazene, and it was thought that complete 
substitution of the benzylic carbon might eliminate certain possible 
alternative reaction paths. Although the results of later oxidations 
of l-benzyl-l-phenylhydrazine agreed with the literature, making the 
preparation of these hydrazines unnecessary, the results of the attempts 
to prepare them are reported. 
Attempted Preparation of l-Cumyl-l-Phenylhydrazine 
W Preparation of Cumyl Chloride. The method used was that of Brown 61 
A stream of dry hydrogen chloride gas was passed over stirred a-methyl-
styrene (4.74 g; 0.04 mole) for ca. 15 mm. 	The pale-pink liquid 	was 
diluted with dry n-pentane (25 ml) and the solution was concentrated 
under vacuum. The residue was washed with dilute aqueous sodium carbon-
ate solution (2 x 25 ml) and the product was extracted into methylene 
chloride (30 ml). 	Removal of the solvent gave cumyl chloride as a 
clear, colourless liquid (5.92 g; 95%). 	The n.m.r. spectrum indicated 
the product to be pure and the material was used without further puri- 
fication. 	6 1.95 (s, 6H, methyls), 7.15-8.70 p.p.m. (in, SE, aromatic); 
max. (film) 3080 (w), 3060 (in), 3020 (w), 2980 (s) , 2920 (in), 2860 (w), 
1600 (w) , 1490 (in) , 1445 (s) , 1385 (in), 1365 (s), 1355 (m) , 1265 (s), 
1125 (s), 1095 (s), 1070 (s), 1025 (m), 900 (w), 765 (in), 695 (s) cm -1 . 
(ii) Attempted Alkylation of the Sodium Salt of Phenylhydrazine with 
Cumyl Chloride. The mixture was ref luxed for 14 h and the product was 
isolated as a brown oil. 	The methyl region of the n.m.r. spectrum 
of this material was complex. The spectrum also showed signals which 
were attributed to a-methylstyrene, this being formed by elimination of 
hydrogen chloride from cumyl chloride. The infra-red spectrum showed 
an absorption in the N-H region (v max.  3340 cm1). 
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The procedure used for the formation of the hydrochloride gave a 
white precipitate which was extracted with boiling benzene. The con-
centrated extract was a gum whose n.m.r. spectrum still showed the 
complex signals in the methyl region seen before. The residue of the 
benzene extraction was basified with aqueous sodium carbonate solution 
and the product was isolated as a brown oil. The n.m.r. spectrum of 
this oil indicated it to be largely phenyihydrazine with some other mater-
ial(s) giving rise to complex signals in the methyl region. 
Thus, l-cumyl-l-phenylhydrazine, if indeed present, could not be 
identified in the alkylation product. 
(iii) Attempted Condensation of Phenylhydrazine with Cuinyl Chloride. 
A mixture of phenyihydrazine (2.16 g; 0.02 mole) and cumyl chloride 
(1.55 g; 0.01 mole) dry ether (10 ml)was stirred at room temperature 
for several days. The precipitate which separated was collected and 
shown to be phenyihydrazine hydrochloride. Stirring was resumed and 
more precipitate formed. The cycle of filtration followed by resumed 
stirring was repeated until after ca. 28 days no further precipitation 
occurred. The n.m.r. spectrum of the product (1.16 g) indicated the 
presence of c-rnethylstyrene. 	The methyl region contained several small 
peaks and a large singlet at 6 1.50 p.p.m. with slight shoulders on 
either side. 
ct-Methylstyrene was removed by dry column chromatography on 
alumina with petroleum ether (b.p. 40-60 °C) as elutent. The remaining 
material was extracted with 3 M hydrochloric acid. Basification of the 
acid extract gave a product (0.25 g) whose n.m.r. spectrum showed four 
signals in the methyl region, two large signals at ô 2.60 and 2.65 p.p.m. 
and two smaller signals at 6 2.85 and 2.02 p.p.m. 	The n.m.r. spectrum 
of the residue of acid extraction showed two signals at 6 2.55 and 
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2.65 p.p.m. The aromatic region of the spectrum was quite different 
from that of the product of acid extraction. A control reaction 
showed that a mixture of a-methyl styrene and phenyihydrazine was 
unchanged after stirring for several days. Thus the product of alkyl-
ation appeared to be a complex mixture and the desired product was not 
isolated. 
Attempted Preparation of l-Phenyl-l-Triphenylmethylhydrazine. 
Preparation of Triphenylmethyl Chloride. A mixture of triphenyl-
methanol (20.01 g; 0.077 mole) and acetyl chloride (40 ml) in petroleum 
ether (100 ml; b.p. 40-600C) was heated under ref lux for ca. 45 mm. 
The mixture was concentrated and the white solid which separated was 
collected by filtration (19.10 g; 89%) M.P. 112-113°C, lit. 162 M.P. 
112-113°C; 6 7.25 (s); v 	(nujol) 1590 (w), 1480 (rn), 1460 (in), 
1445 (s) , 1375 (m) , 1320 (m) , 1215 (w) , 1200 (w) , 1180 (w), 1155 (in) 
1080 (m) , 1030 (rn), 1000 (w), 890 (m), 820 (m), 760 (s) , 745 (s) , 700 (s), 
665 (m) cm 1 . 
Alkylation of the Sodium Salt of Phenylhydrazine with Triphenyl-
methyl Chloride. The mixture was refluxed for ca. 62 h and the product 
was isolated as a yellow gum. 	The n.m.r. spectrum of this material 
showed weak signals at 6 5.6 and 4.3 p.p.m. (both broad singlets) and 
very strong signals in the aromatic region 6 6.6-7.7 p.p.m. 	The 
reaction with acetone (see p.128) gave a product whose n.m.r. spectrum 
did not show the expected strong methyl signals. The weak signals which did 
appear in the methyl region were shown by the addition of the authentic 
material to the n.m.r. solution, to be due to acetone phenyihydrazone. 
The procedure used for the formation of the hydrochloride at 00C 
gave phenyihydrazine hydrochloride as a white precipitate and 
concentration of the filtrate gave triphenylmethyl chloride, identified 
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by comparison of infra-red spectra, as a pale brown solid 
To examine the possibility that the product of alkylation was 
1-phenyl-2-triphenylnaethylhydrazine, an authentic sample of this 
material was prepared by the method of Cohen and Wang. 92 	A mixture 
of triphenylmethyl chloride. (8.61 g; 0.03 mol) and phenyihydrazine 
(6.47 g; 0.06 mol) in ether (170 ml) was heated under reflux under 
nitrogen for 90 mm. The mixture was stirred overnight and the 
white precipitate filtered, off. Concentration of the filtrate gave 
a yellow gum which solidified on standing (11.00 g; 100%). The 
solid was recrystallised from benzene as a very pale yellow solid, 
m.p. 136-137°C, lit. 92 . m.p. 136-137°C; 5 4.1 (broad s, lH, -NH-) 
4.5 (broad s, lii, -NH-), 6.7-7.6 p.p.m. (broad m, 20H, aromatic); 
m/e 350 (P). 
Although the n.m.r. spectrum of this material broadly resembled 
that of the product of alkylation of the sodium salt of phenylhydrazine, 
the signal at 5 5.6 p.p.m. was not observed. 
The attempted preparation of the hydrochloride of 1-phenyl-2-
triphenylmethylhydrazine by treating a solution of the hydrazine in 
ether at 0
0 
 C with hydrogen chloride, gave phenyihydrazine hydrochloride 
and triphenylmethyl chloride. By cooling the ether solution to between 
-5 and -10°C before treating with hydrogen chloride, the hydrochloride was 
successfully prepared with only Ca. 2% conversion to phenyihydrazine and 
triphenylmethyl chloride. 
Thus, the alkylation of the sodium salt of phenyihydrazine with 
triphenylmethyl chloride did not appear to give 1-triphenylmethyl-17
pheny1hydrazine. The product broadly resembled 1-phenyl-2-triphenyl-
methy1hydrazine in its n.m.r. spectrum and in its behaviour towards 
hydrogen chloride. The product was not examined further. 
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Oxidation of l-Alkyl-l-Ph.enylhydrazines. 
Of the many possible oxidising agents (see Introduction P.2 ) only 
three were used, namely, t-butyl hypochlorite, lead tetra-acetate, 
and yellow mercuric oxide. The possibility that a heterogeneous 
oxidation process might influence the course of the reaction against 
rearrangement (see Discussion p. 40), suggested that t-butyl hypo-
chlorite and lead tetra-acetate would be preferable to mercuric oxide. 
However, the results of early oxidation experiments with mercuric oxide 
and with lead tetra-acetate indicated that the oxidation product was the 
same in both cases; mercuric oxide therefore became the preferred 
oxidising agent because the product could be isolated cleanly and 
easily from the reaction mixture. 
The results of the attempted oxidations using t-butyl hypochlorite, 
and the general procedure using lead tetra-acetate and yellow mercuric 
oxide are first described. 
Attempted Oxidation of l-Alkyl-l-Phenylhydrazines Using t-Butyl Hypochiorite. 
t-Butyl hypochiorite was prepared by the method of Gillic.m and Ward 05 
and by the method of Mintz and Walling. 106 In both cases a bright 
yellow liquid was isolated and this was used without further purification, 
as suggested by Mintz and Walling. 106 	The n.rn.r. spectrum (Cd 4 ) of 
this material showed a sharp singlet at 5 1.3 p.p.m. 
Oxidation of 1-allyl-1-phenylhydrazine under the conditions suggested 
by Baldwin et al. 
61 
 (1 mole of t-butyl hypochiorite to 1 mole of hydrazine) 
gave a product whose n.m.r. spectrum (Cd 4 ) indicated that it was a complex 
mixture. The spectrum could not be reconciled with that of the product 
of a subsequent successful oxidation using mercuric Oxide. The attempted 
oxidation of the same hydrazine by an adaptation of the method of 
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52 
Overberger and Marks 	(1 mole t-butyl hypochiorite to 1 mole of hydra- 
zine) using triethylamine rather than potassium hydroxide as base 
appeared to give the hydrazine largely unchanged. The infra-red spectrum 
of the product in this case showed an absorption in the N-H region (v_ 
3320 cm 1 ), and the nm.r. spectrum (Cd 4 ) showed a multiplicity of 
signals in the methyl region, as well as the signals attributable to the 
unoxidised hydrazine. When a 3 mole excess of t-butyl hypochiorite was 
used, the isolated product appeared to be a complex mixture whose n.m.r. 
spectrum (Cd 4 ) did not indicate the presence of the expected product of 
rearrangement. 
The use of t-butyl hypochlorite was not examined further as satis-
factory results had been obtained with lead tetra-acetate and with 
'yellow mercuric oxide. 
Procedure for the Oxidation of l-Alkyl-l-Phenylhydrazines with Lead 
Tetra-acetate. 
Lead tetra-acetate was supplied as a paste with glacial acetic acid. 
The acetic acid was removed by suction filtration on a sintered glass 
funnel under dry nitrogen; the white crystals were washed with dry 
ether, and the dry oxidising agent was quickly weighed and used 
immediately. The appearance of a faint brown colouration after some 
minutes did not seem to affect its reactivity. Methylene chloride 
was purified by the method of Mathews 
163 
 by washing with water and 
aqueous sodium carbonate solution. After drying over calcium chloride, 
it was distilled and stored over molecular sieve. 
A solution of the l-alkyl-l-phenylhydrazine (3mmole) in methylene 
chloride (30 ml) was added over a period of 10-15 mm. to a stirred 
solution of lead tetra-acetate (3.5 nimole) in methylene chloride (30 ml). 
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The reaction mixture was stirred under dry nitrogen in the dark for 
a further 25 mm. before filtering through a celite pad to remove the 
light brown inorganic precipitate. The orange-brown filtrate was 
washed with aqueous sodium bicarbonate solution and the product was 
isolated in the usual way. 
Procedure for the Oxidation of l-Alkyl-l-Phenylhydrazjnes with Yellow 
Mercuric Oxide. 
A 3:1 molar ratio of yellow mercuric oxide to hydrazine was used and 
typically the concentration of the hydrazine in the reaction mixture 
was in the range 0.15-6.5 mmole/ml. The hydrazine was added in one 
portion to a suspension of the oxidising agent in one of the following 
solvents, ether, chloroform or methylene chloride. The mercuric oxide 
soon developed a green colouration and the mixture was stirred under 
nitrogen with exclusion of light, for not less than 18 h. The mixture 
was filtered through a celite pad and the product was isolated in high 
yield. Generally a green powder was collected by filtration and on 
only one occasion was metallic mercury recovered. 
Oxidation of 1-allyl-1-Phenylhydrazjne.- The expected product of oxidative 
rearrangement was 1-phenylazoprop-2-ene. 
(a) With Yellow Mercuric Oxide. 	The mixture of l -allyl-l-phenylhydrazjne 
(1.51 g; 10 mmole) and yellow mercuric oxide (6.48 g; 30 mmole) in 
methylene chloride (30 ml) was stirred for ca. 36 h and the product was 
isolated as a mobile orange-yellow liquid (1.48 g; 100%). 	The infra-red 
and n.m.r. spectra of this liquid indicated that complete oxidation had 
occurred. 	The oxidation was also successfully carried out in chloroform; 
6 6.55-6.75 (m, 2H, -CH-2 	= CH2 ), 5.1-5.5 (in, 2H, CH2CH = CH 
5.8-6.6 (m, 1H, -CH 
2-CH = CH 2 ), 7.1-7.8 Cm, 5H, aromatic); v 	(film) —	 max. 
3100 (m), 2940 (w), 1650 Cm), 1610 (s),. 1510 (s), 1445 (in), 1440 (m), 1390 (in), 
1310 (in) , 1280 (w), 1150 (s), 1090 (s) , 1020 (w), 1000 (in), 930 (s), 770 (s), 
690 (s) cm- 1. 
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The oxidation product was shown to be 1-phenylazoprop-2-ene by 
comparison of its infra-red and n.m.r. spectra with those of authentic 
1-phenylazoprop-2 -ene prepared by oxidation of 1 -phenyl -2-al lylhydrazine 
with yellow mercuric oxide. T.l.c. (silica gel/benzene) supported the 
spectral identification but six minor components were also observed; 
these were also present in the authentic sample of 1-phenylazoprop-2-ene. 
The main yellow spot had Rf. 0.58. 
(b) With Lead Tetra-acetate. The. oxidation was carried out as described 
and an orange-yellow liquid was obtained, the n.m.r. and infra-red spectra 
of which were identical to those of the product of mercuric oxide oxidation 
of 1-allyl-1-phenylhydrazine. 	1-Phenylazoprop-2-ene was isolated in 71% 
yield. 
The product of both oxidation procedures was examined for the presence 
of l-phenyl-2-pyrazo line -An authentic sample of the latter was prepared by 
yellow mercuric oxide oxidation of l-phenylpyrazolidine obtained by alkyl-
ation of the sodium salt of iphenylhydrazine ., - with 1,3-dibromopropane. 
The crude 1-phenyl-2-pyrazoline was purified by sublimation to give a wine- 
red solid m.p. 47 °C iit 64 51-52°C; iS (100 MHz) 2.6-3.0 (m, 2H, methylene), 
3.45-3.7 (in, 2H, methylene), 6.7-7.35 p.p.m. (in, 6H, olefinic and aromatic). 
The n.m.r. spectra of the product of the oxidations of l-allyl-l-phenyl-
hydrazine did not show any signals attributable to 1-phenyl-2-pyrazoline. 
Preparation of 1-Phenylazoprop-2-ene.- The compound was prepared by yellow 
mercuric oxide oxidation of 2-allyl-l-phenylhydrazine. 
(1) Preparation of 2-AllyI-l-Phenylhydrazine. 
A convenient and direct method of preparing 1,2-disu.bstituted hydrazines is 
by reduction of the corresponding hydrazones. The method is limited, however, 
to compounds with functional groups which are not susceptible to reduction. 
For this reason, the procedure cannot be used to prepare 2-allyl-l-phenyl-
hydrazine. Furthermore free acrolein phenyihydrazone is not known; 
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107,108 
rearrangement to l -phenyl-2-pyrazoline occurs readily, - and this was 
confirmed by experiment. 
Direct alkylation of phenyihydrazine with allyl bromide by the 
5 
method of Fischer and Knoevenagel 	was found to give a mixture of the 
1,1-isomer (78%) and the 1,2-isomer (22%).. (see p.127 ). 	Attempts to 
separate the isomers by distillation were unsuccessful. It was necessary, 
therefore, to prepare a derivative of phenyihydrazine which would either 
(A) activate the 2-position towards alkylation or (B) block alkylation at 
the 1-position. 
A) Alkylation of 2-Formyl-i-Pheny1hydrazine Followed by Removal of the 
Formyl Group, 
118 
The procedure was based on the method of Freer and Sherman 	who reported 
the preparation of 2-ethyl-1-phenylhydrazine by the action of ethyl iodide 
on the sodium salt of 2-formyl-l-phenylhydrazine. 
i) Preparation of 2-Formyl-1-Phenyihydrazine.- The method of de Vries 165  
was used. Phenylhydrazine (21.60 g; 0.2 mole) was added in one portion 
to 50% formic acid (73.60 g; 0.8 mole), and the resulting mixture was 
heated in a water bath (ca. 70 °C) for ca. 10 minutes. The reaction mixture 
was left in the refrigerator for two days. The fawn coloured solid was 
collected and recrystallised from ethanol, ether being added to lower the 
165 
solubility of the pure white plates. (19.10; 70%). m.p. 143-144 C, lit. 
m.p. 144-145°C; V 	 (nujol) 3270 (s), 3170 (s), 3120 (s), 3050 (s), 
3000 (s), 1670 (s), 1640 (s) , 1590 (m), 1580 (m), 1540 (w), 1485 (m), 
1300 (w) 1260 (w), 1215 (m), 1170 (m), 1155 (m), 1140 (w), 1100 (w), 
1080 (s), 1030 (s), 1015 (m), 990 Cw), 880 (s) , 865 (s), 850 (s), 745 (s) 




 H and 13C N.m.r. Spectra of 2-Formyl-l-Phenylhydrazine. 
The unexpected complexity of the 1 H n.m.r. spectrum of 2-formyl-l-
pheny1hydrazine prompted further examination. 
The 	N.m.r. Spectrum 
In Diinethyl Sulphoxide-d6 : (S 6.35-7.50 (m), 7.6-8.4 (m), 9.32 (s), 
9.54 (s) and 9.68 p.p.m. (broad singlet). 	Integration ratios - 
94 : 35 : 3 : 2 : 9. 
In 1,2-Diinethoxyethane: (S 6.25-7.25 (m), 8.04 (s), 8.10 (s), 
8.4-8.8 p.p.m. (broad singlet). 	Integration ratios 	10 : 1 : 1 : 1. 
In Glacial Acetic Acid: (S 6.05-7.05 (m), 7.85 p.p.m. (s). 
Integration ratios - 105 : 17. 
In Acetonitrile-d3 : (S (100 MHz) 6.48 (broad singlet), 6.65 
(broad singlet), 6.7-7.0 (m), 7.12-7.35 (m), 8.08 (s), 8.14 (s), and 
8.22 p.p.m. (s). 	Integration ratios - 16 : 46 : 31 : 3 : 11 : 5. 
The 13C N.m.r. Spectrum. A variable temperature study was made in which 
the spectrum of a solution of the hydrazine in dimethyl sulphoxide-d 6 was 
recorded, first at 25°C, then at 181°C and again at 25°C. 
Spectrum at 250C: Ten lines were observed: (S 167.817, 160.708, 
149.571, 148.846, 129.109, 128.865, 119.624, 118.829, 112.515, 112.370 p.p.m. 
Spectrum at 181°C: Five lines were observed: (S 163.160, 148.931, 
128.814, 119.917, 113.421 p.p.m. 
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Spectrum after cooling to 250C: Ten lines were observed and the 
spectrum was identical to that initially recorded at 25 °C. 
Characterisation of 2-Formyl-l-Phenylhydrazine 	The aim was to establish 
by chemical means that the prepared hydrazine was the 1,2-isomer and not 
the 1,1-isomer. 
Reaction with acetone. A solution of the prepared 2-formyl-1-
pheny1hyd.razine in 'Analar' acetone was ref luxed under nitrogen for 16 h. 
The solvent was removed and the white solid obtained was shown by comparison 
of infra-red spectra and rn.p. (143-144°C) to be unchanged 2-formyl-l-phenyl-
hydrazine. 
Attempted reduction of the formyl group. The procedure parallelled 
that of Beltrami and Russe1 66 	A solution of the hydrazine (1.90 g; 
0.014 mole) in dry 1,2-dimethoxyethane (70 ml) was added dropwise over a 
period of Ca. 30 minutes to a stirred suspension of lithium aluminium hydride 
(0.62 g; 0.015 mole) in dry dimethoxyethane (30 ml). 	A vigorous reaction 
took place on each addition and a pale green colour developed. Work-up 
with potassium sodium tartrate (60 ml) and chloroform extraction (100 ml) 
(see p. 132 ) gave a yellow-brown liquid (1.12 g) from which an off-white 
solid separated. The solid was removed by filtration and the filtrate 
was concentrated to give more of the off-white solid. The solid was 
shown to be 2-formyl-1-phenylhydrazine by its m.p. (144-146 °C) and by 
comparison of infra-red spectra. The filtrate was a cloudy, orange-
brown liquid (0.49 g;); it was extracted into acid, and after basification 
with aqueous sodium carbonate solution gave a mobile brown liquid (0.15 g). 
The infra-red spectrum of this liquid showed a strong absorption at 
3250 cm- 
1. 
	The n.m.r. spectrum showed several signals in the methyl 
region 6 2.6, 3.02, 3.42, 3.56 and 3.72 with an integration ratio of 
56:2:9:7:8. 	Two overlapping singlets, 6 4.0 and 4.05 p.p.m. were also 
observed with a combined integration of 48 in the above scheme. 
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(c) Preparation of 1-Acetyl-1-Phenylhydrazine. 	See below P. 155) 
and Discussion (p. 59). 
Preparation of the Sodium Salt of 2-Formyl-1-Phenylhydrazine..- This 
was prepared by a method analogous to that used for the preparation of the 
sodium salt of phenylhydrazine (see p. . 130). The solvents used for this 
reaction were djoxan, ether and 1,2-dimethoxyethane, the latter being 
preferred because of the increased solubility of 2-formyl-l-phenylhydrazine. 
1,2-Dimethoxyethane was dried over activated molecular sieve and then 
sodium, before distillation from calcium hydride. 
A solution of the hydrazine (7.16; 0.06 mole) in hot 1,2-dimethoxy-
ethane (100 ml) was added in one portion to a stirred suspension of sodium 
hydride (1.44 g, 0.06 mole) in the same solvent (20 ml). 	A vigorous 
frothing was seen on mixing and after stirring for ca. 3.5 h under dry 
nitrogen, a clear bright orange solution had formed. 
Alkylation of the Sodium Salt of 2-Formyl-1-Phenylhydrazine.- Allyl 
bromide (7.28 g; 0.06 mole) was added in one portion and the mixture was 
stirred for Ca. 26 h to give a heavy, white precipitate and a faintly pink 
coloured supernatant liquid. 	Isolation of the product as before (see p.130) 
gave an orange-yellow gum (10.65 g). 
Removal of the Formyl Group.- The alkylation product (10.65 g) was 
stirred with concentrated hydrochloric acid (40 ml) for Ca. 20 h. 
The gum dissolved and a precipitate was formed. Water was added to 
dissolve the precipitated hydrochloride and the solution was extracted 
with ether to remove any unhydrolysed material. The aqueous solution 
was basified with 20% aqueous sodium carbonate solution and extracted 
with chloroform. 	The product was isolated as a clear, orange-brown 
liquid (8.12 g) , whose n.m.r. spectrum indicated that it was a mixture 
of 1-allyl-1-phenylhydrazine and 2-allyl-l-phenylhydrazine in approximately 
equal amounts. 	The presence of the 1,1-isomer was confirmed by treating 
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a sample of the product with acetone (see P .128 ) 	(Alkylation of the 
sodium salt of 2-formyl-l-phenylhydrazine with benzyl bromide gave a 
mixture of the 1,1- and 1,2-isomers in the ratio of ca. 3:2). 
(v) Attempted Separation of 2-Ally1-1-phenyihydrazine. 	Three methods 
were examined: 
(a) Using Laevulinic Acid.-The aim was to selectively prepare a derivative 
of 1-allyl-1-phenylhydrazine which could be readily separated. It was 
hoped to form the phenylhydrazone-type derivative of the keto-acid which 
could be removed by base extraction. A solution of the hydrolysis product 
(3.00 g; 0.02 mol) and laevulinic acid (2.32 g; 0.02 mole) in absolute 
alcohol (20 ml) was ref luxed under nitrogen for ca. 20 h. 	Removal of 
the solvent gave a yellow oil (4.54 g) which had a complex n.m.r. spectrum. 
Treatment with saturated aqueous potassium carbonate solutions (50 ml) 
gave an almost colourless, cloudy solution which was extracted with ether. 
Concentration of the extract gave a yellow-brown liquid (2.09 g). This 
was distilled to give a mobile, yellow-brown liquid (0.50 g), b.p. 70-72 °C! 
0.05 mm Hg. The n.m.r. spectrum of this liquid indicated that the major 
product was the desired hydrazine, but the low frequency signals in the 
region 6 1.04-2.76 p.p.m. indicated the presence of impurities. 	The 
ratio of the integration of these signals to that of the signals attributed 
to the allylic protons (-CH 	-2= CH2) of the desired hydrazine, was 1:3.5. 
The infra-red spectrum showed absorptions in the carbonyl region at v max. 
1765 and 1720 cm- 1. The distillate was washed with saturated aqueous 
potassium carbonate solution but spectral evidence indicated that the 
product was unchanged. 	The mass spectrum showed, inter alia, m/e 274, 
234, 188, 148, 107. 	(When this method was used to separate 2-benzyl-l- 
pheny1hydrazine from 1-benzyl-1-phenylhydrazine, the n.m.r. spectrum of 
the product displayed similar low frequency signals in the range 6 
1.1 - 2.8 p.p.m.). 
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Using Acetophenone. - The aim was to form the acetophenone phenyl-
hydrazorie of the 1,1-isomer and to separate the 2-allyl-1-phenylhydrazine 
by distillation. A mixture of the hydrolysis product (2.97 g; 0.02 mo1) 
and acetophenone (2.39 g; 0.02 mole) in absolute alcohol (16 ml) was 
refluxed under nitrogen for Ca. 10 h. The solvent was removed to give 
an orange-yellow liquid (4.82 g) which was distilled under vacuum (0.08 mm Eg). 
Three fractions were collected (1) b.p. 32-38 
0 
 C, (11) 40-600C and 
(iii) 60-800C. 	The n.m.r. spectra of fractions .(i) and (ii) were virtually 
identical and these two fractions were combined (1.42 g). 	The n.m.r. 
spectrum of this mobile, bright yellow liquid indicated the presence of 
acetophenone and of the phenylhydrazone derivative in addition to the 
desired hydrazine. The higher boiling fraction (iii) was found to be 
richer in the phenyihydrazone derivative. The combined fractions (1) and 
(ii) were extracted into 2.5 M hydrochloric acid and the acid solution was 
washed with ether. The aqueous solution was then basified with 20% 
aqueous sodium carbonate solution and the product was isolated as a yellow- 
brown liquid (0.48 g). 	The n.m.r. spectrum of this liquid (100 MHz), 
showed it to be very largely 2-allyl-l-phenylhydrazine with a small amount 
of the phenyihydrazone (ca. 4%). 
Using Zinc Chloride Solution.- This attempt was based on the method used 
to separate aniline from its N-alkylated derivative, as described by 
Eickinbottom. 84 I A solution of zinc chloride (15.00 g) in water (16 ml) 
was added to the hydrolysis product (1.17 g; 0.008 mole) and the mixture 
was stirred under nitrogen. A pale brown paste soon formed which prevented 
further stirring. The mixture was left to stand overnight before decanting 
off the aqueous layer. The paste was repeatedly extracted with boiling 
petroleum ether (b.p. 40-600C) and from the combined extracts a yellow-
green liquid was obtained (0.35 g). 	The n.m.r. spectrum indicated that 
the product was still a mixture of the two isomers and that the proportion 
of the 2-allyl-l-phenylhydrazine had decreased. 
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(B) Alkylation of Phenyihydrazine Derivatives With the 1-Position 
Blocked, Followed by Removal of the Protecting Group(s). 	Several 
derivatives were considered; both 1-substituted phenyihydrazines and 
1, 2-disubstituted phenyihydrazines. 
Monosubstituted Derivatives.- 
.(i) Attempted Preparation of 1-Ethoxycarbonyl-1-Phenylhydrazine. 
A mixture of the sodium salt of. phenyihydrazine (see p.130 ) and ethyl 
chloroforinate (10.90 g; 0.1 mole) in dry benzene (160 mis) was stirred 
for ca. 48 h at room temperature. The product was isolated as a yellow-
brown liquid (17.86 g) whose n.ni.r. spectrum indicated that it was a 
mixture of the 1- and the 2-ethoxycarbonyl-1-phenylhydrazine. Treatment 
of the mixture with acetone gave an orange-yellow liquid whose n.m.r. 
spectrum (60 MHz, CDC1 3 ) confirmed the presence of the 1,1-isomer in the 
alkylation product, but also indicated the presence of residual phenyl-
hydrazine. 
(ii) Preparation of l-Acetyl-l--phenylhydrazine.-The attempted preparation 
by the action of acetyl chloride on the sodium salt of phenyihydrazine 
gave a product whose n.m.r. spectrum indicated that it was a mixture. 
Three signals were observed in the methyl region suggesting the presence 
of 1- and 2-acetyl-1-phenylhydrazine and perhaps the product of 
dialkylation. 	(The attempted preparation of 1-benzoyl-i-phenylhydrazine 
by this method is reported to give both monosu.bstituted isomers and the 
119 
disubstituted derivative. 	). 
The compound was successfully prepared by the method of Behrend and 
120 
Reinsberg. 	A mixture of 2-forniyl-l-phenylhydrazine (3.72 g; 
0.027 mole) and acetic anhydride (2.80 g; 0.027 mole) was heated in a 
steam bath for ca. 50 mm. On cooling a yellow gum was obtained which 
failed to solidify.Concentrated hydrochloric acid (6 ml) was added to 
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the yellow gum and the mixture was stirred for Ca. 7 h, to give a thick 
white paste. The mixture was cooled to Ca. -15 °C and was diluted with 
water (15 ml) before basifying with concentrated ammonia solution. 
The product isolated by filtration was recrystallised from ethanol, 
ether being added to decrease the solubility of the solid. This gave 
pure white needles (1.01 g; 28%). 	(The low yield was due to accidental 
spillage of the reaction mixture.) 	m.p. 124-125°C. li4 20 m.p. 124°C; 
-6 2.08 (broad s, 3H, -00-CH3 ), 4.0-5.1 (broad s, 2H, -NH-NH-) 7.1-7.6 p:.p.m. 
(broad s, 5H, aromatic); u 	(nujol) 3340 (m), 3200 (m), 3050 (w), 
1650 (broad, s) , 1600 (s) 1500 (m), 1470 (m), 1300 (m), 1260 (s), 1195 (m) 
1160 (W), 960 (s), 935 (w), 905 (w), 760 (s), 718 .(w), 695 (s) cm -1 . 
The n.m.r. spectrum of the product of reaction with acetone (see p.128 
confirmed that the white solid was 1-acetyl-1-phenylhydrazine and not 
2-acetyl-l-phenylhydrazine. 
1-Acetyl-1-phenylhydrazine was also prepared unambiguously by 
amination of the sodium salt of acetanilide with 0-(2,4-dinitrophenyl) 
hydroxylamine prepared by the method of Tamura et al. 77 	A solution 
of 0-(2,4-dinitrophenyl)hydroxylamine (2.02 g; 0.01 mole) in dry methylene 
chloride (65 ml) was added to a suspension of the sodium salt of acetanilide 
(0.01 mole) in xylene (50 ml) (see p.124 ). 	The mixture was a green- 
brown colour initially, turning to brown after stirring at room tempera-
ture for ca. 10 h. 	The mixture was filtered and the filtrate was con- 
centrated to give a yellow solid (0.97 g). 	Recrystallisation from 
ethanol gave a pure white solid (0.77 g) m.p. 125-126°C; m/e 150 (P), 
135, 119, 108 (B). 	The n.m.r. and infra-red spectra of the white 
solid were identical to those of the material derived from 2-formyl-1-phenyl-
hydra zine. 
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Attempted Alkylation of 1 -Acetyl-1-Phenylhydrazjne Using Allyl Bromide. 
Only a cursory examination was made as a successful preparation of 
2-allyl-l-phenylhydrazjne had already been achieved by another method. 
The method was analogous to that used in the direct alkylation of 
phenylhydrazine in ether solution (seep . 127 ). 
A solution of l-acetyl-l-phenylhydrazine (0.75 g; 0.05 mole) and 
allyl bromide (0.31 g, 0.0025 mole) in "Analar' chloroform (6 ml) was 
stirred at room temperature under nitrogen for 28 days. The white 
precipitate which separated was filtered of f and the pale brown filtrate 
was concentrated to give a pale orange solid (0.59 g). * The acetyl pro-
tecting group was removed by heating a solution of the solid in 3M 
hydrochloric acid (30 ml) under reflux for 3 h. 	Isolation of the 
product gave an orange-brown liquid (0.23 g) whose n.m.r. spectrum 
showed the signals of the allyl moiety. The product of hydrolysis 
appeared to be an approximately 50:50 mixture of phenylhydrazine and 
2-allyl-1-phenylhydrazine. No attempt was made to separate the 
desired hydrazine. 
Disubstituted Derivatives.-  
U) 1,2-Di-acetyl-l-phenyihydrazjne.-Thjs was prepared by the method 
122 
of Widman. 	A mixture of 2-acetyl-l-phenylhydrazjne (1.50 g; 
0.01 mole) and acetyl chloride (0.81 g; 0.01 mole) in dry benzene 
(25 ml) was refluxed for 3.5 h. 	The red solution was concentrated 
to give a wine red gum which was triturated with ether to give a fawn 
coloured solid (1.73 g). 	This was recrystallised from benzene as 	a pale 
pink solid (1.61 g). 	m.p. 105-106°c 	l22 m.p. 107-108 °C; ni/e 	192 
(P, weak), 150, 108 (B). 
The sodium salt of this material was prepared by the action of 
sodium hydride on a solution of 1,2-di-acetyl-1-phenylhydrazine in 
benzene. The gum which formed was treated with an equimolar amount 
of allyl bromide and the mixture was refluxed under dry nitrogen for 2.5 h. 
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The product was isolated as a red-brown oil whose n.m.r. spectrum 
indicated-it to be a complex mixture. Examination by t.l.c. (alumina! 
ether) showed five components. An attempt was made to separate the 
mixture by wet column. chromatography (alumina/ether). However, no 
material was eluted and the applied mixture remained adsorbed on the 
column. 
(ii) 1, 2-Diforinyl-l-Phenylhydrazine. The hydrazine was prepared by 
the method of Freund and Horst .123 
	
Phenylhydrazine (10.00 g; 
0.092 mole). was added dropwise to formic acid (30.00 g; 0.65 mole) 
at 0°C. The mixture was ref luxed under nitrogen for ca. 7 h and was 
then left to stand for several days to crystallise. The off-white 
solid (13.65 g; 90%) was collected and recrystallised first from 
ethanol and then from benzene as a pure white solid m.p. 125-126°C 
i.it 123 m.p. 126°C; v 	(nujol) 3140 (s), 3040 (in), 1710 (s), 
1700 (s), 1680 (s), 1650 (s), 1580 (s), 1480 (s), 1340 (s), 1320 (m) 
1295 (m) , 1285 (s), 1268 (s), 1160 (s), 1152 (m), 1020 (m), 1010 (m), 
925 (s), 800 (s), 752 (s), 690 (s), 675 (s) cm 1 . m/e 164 (P, weak), 
136, 107. 
The H and 13C N.m.r. Spectra of 1,2-Diformyl-l-Phenylhydrazine. 
As in the case of 2-formyl-l-phenylhydrazine, the complex appearance 
of the 1H n.m.r. spectrum led to further examination. 
The 1H N.m.r. Spectrum.- 
In Dimethyl Sulphoxide-d 6 : 6 7.05-7.60 (in), 8.34 (s), 8.42 (s), 
8.84 p.p.m. (s). 	Integration ratios - 60:8:3:5. 
In 1,2-Dimethoxyethane: 6 6.9-7.7 (in), 8.15 and 8.18 (over-
lapping singlets), 8.23 (s), 8.55 (s), 9.26 (broad singlet) and 
9.66 p.p.m. (broad singlet). 	Integration ratios - 100:22:9:10:6. 
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In Acetic Acid-d3 : 6(100 MHz) 7.2-7.6 (m), 8.35 and 8.37 
(overlapping singlets), 8.42 (s) and 8.61 p.p.m. (s). 	Integration 
ratios - 20:3:1:3. A variable temperature study showed that the 
three sets of signals in the region 6 8.0-9.0 p.p.m. coalesced and two 
sharp singlets were observed at 120°C. 
In Acetonitrile-d 3 : 6 6.9-7.6 (m), 8.18 and 8.25 (two over-
lapping singlets), 8.58 (s) 8.70 p.p.m. (broad singlet). 	Integration 
ratios - 113:27:30. 
In Methanol-d : 6 7.1-7.5 (broad singlet) 8.28 and 8.38 (two 
overlapping singlets), 8.65 p.p.m. (s). 	Integration ratios 112:27:15. 
13 
The C N.m.r. Spectrum. A variable temperature study was made in which 
a solution of the hydrazine in dimethyl sulphoxide-d 6 was recorded, first 
at 25°C, then at 152°C, and again at 25°C. 
Spectrum at 250C: Seventeen lines were observed. 	6 167.282, 
163.850, 161.706 (low intensity), 161.491, 160.013, 159.611, 140.590, 
139.452, 129.553, 128.960, 128.444 (low intensity), 126.381, 126.025, 
121.420 (low intensity), 121.073, 120.121, 119.723 p.p.xn. 
Spectrum at 155°C: Six lines were observed. 	5 161.450, 161.259, 
140.702, 129.109, 126.148. 121.255 p.p.m. 
Spectrum after cooling to 25 °C: The spectrum was identical to that 
initially recorded at 25°C. 
(a) Alkylation of the Sodium Salt of 1,2-Diformyl-l-phenvlhydzazine 
With Allyl Bromide. 	The sodium salt of 1,2-diforznyl-l-phenylhydrazine 
was prepared by adding a solution of the hydrazine (3.28 g; 0.02 mole)in 
hot 1,2-dimethoxyethane (50 ml) to a stirred suspension of sodium hydride 
(see p.  130 0.50 g; 0.02 mole) in dimethoxyethane (20 ml). 	The 
mixture was refluxed under dry nitrogen for 7 h and was then cooled 
before adding allyl bromide (2.42 g; 0.02 mole). 	After stirring 
under reflux for ca. 6 h, the product was isolated as a brown oil 
(3.81 g). 
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(b) Removal of Protecting Groups. A mixture of the alkylation product 
(3.81 g) and concentrated hydrochloric acid (40 ml) was stirred for. 
Ca. 18 h. The mixture was washed with ether and the aqueous solution 
was basified with 20% aqueous sodium carbonate solution. The product, 
2-allyl-l-phenylhydrazine, was isolated as a yellow-brown liquid 
5 	. (2.52 g; 85% overall), b.p. 85-86 0  C/0.05 mm Hg lit. b.p. 172. Cl 
60 mm Hg; S (100 MHz) 3.22-3.45 Cm, 2H, -CH2-CE=CH2), 4.0-4.' 5 (broad 
singlet, 2H, -NH 2 ) 5.02-5.35 (ni, 2H, -CH 2-CH = CH2 ), 5:56-6.04 (m, lH, 
-CH 2-CH= çH2 ), 6.65-6.94 and 7.05-7.32 p.p.m. (m, 5H, aromatic); 
V 	(film) 3300 (broad, s), 3050 (m), 2920 (rn), 2830 (m), 1600 (s), 
1495 (s), 1460 (w), 1420 (w), 1310 (rn), 1260 (s), 1170 (w),l155 (w), 
1070 (w) ,. 1030 (w), 1000 (m) , 930 (s), 890 (m), 760 (s), 700 (s) cm 1 ; 
nile 148 (P), 107 (B), 77. 
(2) Oxidation of 2-Allyl-l-Phenylhydrazine by Yellow Mercuric Oxide.-
The oxidation was carried out on the n.m.r. solution. The solution was 
made up to a volume of 2.5 ml with 'Analar' chloroform, and to this 
solution was added yellow mercuric oxide (0.40 g). The mixture was 
stirred for 3 days and the product was isolated as a mobile red liquid. 
The infra-red and n.m.r. spectra were identical to those of the product 
of oxidation of l-allyl-l-phenylhydrazine (see p. 147). 
Oxidation of 1-Cyclopropylcarbinyl-l-Phenylhydrazine . - . The anticipated 
product of this oxidation was 1-phenylazobut-3-ene. 
(i) With Yellow Mercuric Oxide. 	The mixture of 1-cyclopropylcarbinyl-l- 
phenylhydrazine (0.54 g; 0.0033 mole) and yellow mercuric oxide 
(2.16 g; 0.01 mole) in ether (15 ml) was stirred for ca. 70 h and the 
product was isolated as a pale-green solid (0.37 g). 	The crude 
solid recrystallised from ethanol in the form of pale-yellow plates 
(0.24 g; 65% recovery), m.p. 95.5-96.5 0C; 6 (100 MHz, Cd 4 ) 0.0-1.5 
(m, 5H, cyclopropyl), 3.98-4.05 (d, J = 6Hz, -CH2-cyclopropyl), 
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6.2-7.4 (m, 5H, aromatic); v 	(nujol) 1590 (s), 1490 (s), 1320 (w), 
1250 (m), 1170 (m), 1120 (s), 1100 (s), 1070 (m), 1020 (w), 980 (m), 
830 (w), 795 (w),745 (s), 690 (s), 650 (s) cm'; m/e 320 (P,B), 292 
(P-N2), 237 (P-C4H7 ). 	Accurate mass measurement 320.200153 (c20H24N4 
requires 320.200087). 	Thus the product (70%) was identified as 
1, 4-dicyclopropylcarbinyl-1, 4-diphenyltetraz-2-ene. After standing 
for several months, the tetrazene had decomposed to a black solid. 
Overberger and Herin40 have shown that under conditions of low 
hydrazine ooncentration, tetrazene formation is inhibited and the diazene 
decomposition pathway is favoured. The oxidation was therefore repeated 
under conditions in which the hydrazine concentration was low. A 
solution of l-cyclopropylcarbinyl-l-phenylhydrazine (0.19 g; 0.00117 mole) 
in 'Analar' chloroform (10 ml) was added dropwise over a period of 1 h to 
a stirred suspension of yellow mercuric oxide (0.76 g; 0.0035 mole) in 
'Analar' chloroform (13 ml). 	The mixture was stirred for ca. 48 h and 
the product was isolated as an orange solid (0.17 g). 	The crude 
material recrystallised from ethanol as pale yellow plates (m.p. 96-97 °C). 
The n.m.r. spectrum of the crude product showed the presence of the 
cyclopropylcarbinyl moiety and no signals attributable to the but-3-enyl 
moiety were observed. The product was identified as 1,4-dicyclopropyl-
carbinyl-1, 4-diphenyltetraz-2-ene. 
(ii) With Lead Tetra-acetate. 	The oxidation was carried out as described; 
the reaction mixture became quite warm and appreciable effervescence was 
observed. The inorganic precipitate was removed and the filtrate was 
concentrated to give a red-brown liquid. The n.m.r. spectrum showed 
that it was a complex mixture. No signals attributable to the but-3-enyl 
moiety were observed. 	Comparison of n.m.r. spectra suggested that 
N-cyclopropylcarbinyl-anjljne, and small amounts of the corresponding 
tetrazene and formylcyclopropane were present. Washing with aqueous 
sodium bicarbonate solution gave a wine red liquid (0.26 g) whose 
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infra-red spectrum showed an absorption in the N-a region Cv 	3400 CM- 1 ). 
Dry column chromatography (alumina/20% ether-benzene) gave a bright yellow 
band of material from which was recovered a wine-red liquid (0.20 gi. 
The infra-red spectrum showed an absorption in the N-H region Cu 
3400 cm-1  ) and comparison of n.m.r. spectra indicated the presence of 
N-cyclopropylcarbinylaniline with a small amount of the corresponding 
tetrazene. T.l.c. (silica gel/benzene) supported the spectral assignments. 
Oxidation of 1-cyclopropylcarbinyl-1-phenylhydrazine with lead tetra-
acetate therefore appeared to give a mixture of 1,4-dicyclopropylcarbinyl-1,4-
diphenyltetraz-2-ene and its decomposition products. The anticipated 
rearrangement product was not observed. 
Oxidation of 1-(But-3-en-1-yl)-l-Phenylhydrazjne with Yellow Mercuric Oxide.- 
The anticipated product of oxidative rearrangement was cyclopropyl 
(phenylazo)methane. 
The mixture of the hydrazine (0.53 g; 0.003 mole) and yellow mercuric 
oxide (2.12 g; 0.009 mole) in 'Analar' chloroform (13 ml) was stirred for 
ca. 26 h. Reaction was immediate and the mixture appeared to effervesce. 
The product was isolated as a brown liquid containing a small amount of 
the mercuric oxide residue (0.60 g). 	The n.m.r. spectrum indicated that 
the product was a complex mixture and in particular, the characteristic 
signals of the cyclopropyl moiety were not observed. The infra-red 
r spectrum showed a weak absorption at u max. 3400 cm -1 . 	T.l.c. [sil ca 
gel/30% petroleum ether (b.p. 40-60 °C)-benzene] showed that the product 
did not contain any residual 1-(but-3-en-1-yl)-l-phenyj.hydrazjne. 	The 
mass spectrum showed (inter alia) m/e 320 (P), 251, 147, 106 (B), 
suggesting the presence of the tetrazene derivative. 
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Preliminary examination by . t.1.c. (silica gel/n-hexane and silica gel/ 
benzene) revealed seven bands of material. Preparative t.l.c. [silica gel 
(1 mm)/h-hexane ]gave five overlapping bands. The leading grey band had 
Rf. 0.31 and the appearance of the plate suggested that decomposition was 
occurring during development. Only the three leading bands in the order 
(i) grey, (ii) grey-pink and (iii) yellow-green, could be cleanly isolated. 
Of these, the yellow-green band appeared to.be  the major component. The 
material recovered from each band was examined by mass spectrometry: 
Band (i). 	A brown gum was isolated; m/e (inter-alia) 292 (P), 
251, 147, 106 (B). 	The parent peak is consistent with loss of nitrogen 
from the tetrazene. 
Band (ii). A similar brown gum was isolated; m/e (inter alia) 
320 (P, v. weak), 292, 251, 147, 106 (B). 	The spectrum was consistent 
with decomposition of the tetrazene. 
Band (iii). 	An orange-brown liquid was obtained; m/e (inter alia) 
138, 305, 292 (weak), 251 (weak), 160 (B), 159, 106. 	The peaks at m/e > 160 
were only observed after heating the sample. The n.m.r. spectrum of this 
material was not significantly different from that of the crude oxidation 
product. 	When rechromatographed (silica gel/benzene), six bands were 
observed. 
Preparation of Cyclopropyl (phenylazo) methane. 
Preparation of Formy1cyc1opropie. Oxidation of cyclopropylcarbinol 
by ceric ammonium nitrate according to the method of Young and Trahanovsky 167 
gave the aldehyde as a clear colourless liquid in 33% yield, b.p. 96-99 °C 
lit. 167 b.p. 97-99°C. 
Preparation of Formylcyclopropane Phenyihydrazone. An equimolar 
mixture of the aldehyde and phenyihydrazine in carbon tetrachloride 
solution was stirred at 00C for 4 h. The product was isolated as an 
orange-yellow solid in 83% yield. 
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Reduction of Formylcyclopropane Phenyihydrazone with Lithium 
Aluminium Hydride. A 2:1 molar ratio of reducing agent to 
hydrazone was used. The mixture, in tetrahydrofuran was stirred for 
ca. 14 h and then reflu.xed for a further 4 h. 	2-cyclopropylcarbinyl-l- 
pheny1hydrazine was isolated as a bright yellow liquid in 90% yield. 
Oxidation of 2-Cyclopropylcarbinyl-l-Phenylhydrazine with Yellow 
Mercuric Oxide. The normal oxidation procedure (see p. 147 
gave cyclopropyl(phenylazo)methane as a bright yellow liquid in 80% 
yield; cS (Cd 4) 0.2-1.7 (m, 5H, cyclopropyl), 3.75-3.90 (d, J7Ez, 
2H, -CH2-cyclopropyl), 7.1-7.8 p.p.m. (rn, 5H, aromatic). 
Oxidation- of l-Benzyl-l-Phenylhydrazine with Yellow Mercuric Oxide.- 
7 The oxidation product was reported by Busch and Lang 	to be 1,4- 
dibenzyl-1,4-diphenyltetraz-2-ene. The oxidation was repeated in order 
to ascertain whether any rearrangement to 2-phenylazotoluene occurs. 
The mixture of 1-benzyl-1-phenylhydrazine (1.01 g; 0.005 mole) and 
yellow mercuric oxide (3.23 g; 0.015 mole) in 'Analar' chloroform(30 ml) 
was stirred for ca. 70 h. The inorganic residue was removed and the 
filtrate was concentrated at room temperature under vacuum to give an 
orange yellow solid (1.11 g). 	The crude material recrystallised from 
ethanol as pale yellow plates (43% recovery), M.P. 145°C; 5 5.3 (s, 4H, -CH — 
Ph), 6.7-7.5 p.p.m. (m, 20H, aromatic). 	The product was identified as 
1,4-dibenzyl-1,4-diphenyltetraz-2-ene by comparison of its M.P. and 
n.rn.r. spectrum with those of an authentic sample prepared by the method 
168 
of MacPherson 	(M.P. 145 C). 	Thus, the oxidation of l-benzyl-l-phenyl- 
hydrazine, gave 1,4-dibenzyl-1,4-diphenyltetraz-2-ene in 80% yield. 
No 2-phenylazotoluene was detected by n.m.r. spectroscopy, and no 
benzaldehyde phenyihydrazone, another possible product, was detected by 
infra-red and n.rn.r. spectroscopy. 
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Earlier oxidations in which the filtrate was concentrated with 
heating, gave a brown oil and not the solid tetrazene. The n.m.r. 
spectrum of this oil indicated that it was a complex mixture. The 
ethanolic mother liquor of recrystallisation of the product of the 
successful oxidation (above) was concentrated to give an orange oil. 
The n.m.r. spectrum of this oil was very similar to that of the product 
of the early oxidation experiments, suggesting that thermal decomposition 
was occurring in both cases. 
The anticipated rearrangement product, 2-phenylazotoluene, was 
prepared by the method outlined by Hickinbottom. 6 	The condensation of 
o-toluidine and nitrosobenzene in glacial acetic acid gave a dark wine 
coloured oil. Wet column chromatography (silica gel/light petroleum, 
b.p. 40-60°C) gave a bright yellow-red band from which a bright red, 
mobile liquid was recovered (36%). 	The n.m.r. spectrum showed a sharp 
methyl singlet at 6 2.7 p.p.m. 	This characteristic signal was not observed 
in the n.ni.r. spectra of the product of the several oxidations of 1-benzyl-
1-phenylhydrazine. 
Oxidation of 1-(3-Phenylprop-2-ynyl)-1-Phenylhydrazine with Yellow Mercuric 
Oxide.- The anticipated product of oxidative rearrangement was l-phenyl-
l-phenylazo-allene. 
The mixture of the hydrazine (0.69 g; 0.003 mole) and yellow 
mercuric oxide (2.61 g; 0.009 mole) in 'Analar' chloroform (18 ml) was 
stirred for 5 days. Reaction was immediate and the mixture appeared to 
effervesce. The mercuric oxide residue was removed and the filtrate 
was concentrated under vacuum with gentle warming. The product was 
isolated as a shiny black foam (0.63 g), m.p. 80-90 °C. 	(A subsequent 
oxidation gave a black glass). 	The material dissolved in deuterochioroforin to 
give a cloudy brown solution; the n.m.r. spectrum of this solution was 
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poorly resolved. The spectrum showed a broad multiplet in the aromatic 
region d 6.5-8.3 p.p.m. and a weak broad singlet at cS 1.7 p.p.m. with an 
integration ratio of 39:1. The infra-red spectrum showed no absorptions 
in the N-H region indicating that oxidation was complete, and no distinct 
absorption was observed in the -C!--C- region. The absence of any signal 
attributable to the 	 moiety (-CH2-CEC-Ph) suggested that 
the tetrazene was not present in the oxidation product. The mass spectrum 
had (inter alia) 440 + 2 (very weak), 220 (B), 219, 205 (w), 204 (w), 115 (w). 
The material was examined by t.1.c. (silica gel with fluorescent indicator/ 
benzene) and the appearance of the plate suggested that decomposition was 
occurring during development. Under ultraviolet light a series of six 
overlapping bands and an orange-brown spot at the origin were observed. 
The leading band had Rf. 0.65 and the band having Rf.. 0.47 fluoresced. 
No attempt was made to isolate the components. 
Oxidation of l-(2-Styrylphenylme thy l)-1-Phenylhydrazine with Yellow Mercuric 
Oxide.- 
The anticipated product of oxidative rearrangement in this case was 
-(2-methylphenyl)-c-pheny1azostyrene. Other potential products were 
stilbene-2-aldehyde phenyihydrazone 	and the tetrazene. 
The mixture of the hydrazine (0.64 g; 0.002 mole) and yellow 
mercuric oxide (1.41 g; 0.006 mole) in 'Analar' chloroform (15 ml) was 
stirred for Ca. 18 h, and the product was isolated as a brown gum 
The n.m.r. spectrum of this gum, though poorly resolved, showed a large 
multiplet in the aromatic region (5 6.3-8.1 p.p.m.) and several broad 
singlets in the methylene region (5 5.35, 5.3, 5.2, 4.85, 4.8, 4.35, 4.25, 4.05, 
3.3, 3.05 and 2.85 p.p.m.), indicating that the product was a complex 
mixture.; The only signal observed in the methyl region was a very weak, 
broad singlet at 6 1.25 p.p.m. 	The integration ratio of aromatic to 
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non-aromatic protons was approximately 15:1. The oxidation was repeated 
in methylene chloride and in ether, but the same product was obtained. 
The presence of -(2-methylphenyl)-a-phenylazostyrene could not be 
detected by n.m.r. spectroscopy. 
T.1.c. (alumina/benzene, petroleum ether, b.p. 40-60 °C, and carbon 
tetrachloride) showed up to five components, and the appearance of the 
developed plate suggested that decomposition was occurring during development. 
Wet column chromatography [ alumina, 30 cm x 2 cm/petroleum ether, 
(b.p. 40-600C) 80 ml, followed by carbon tetrachloride, 80 ml, and then 
20% benzene/carbon tetrachloride, 200 ml ] gave four overlapping coloured 
bands. 	These were (i) a dark orange-brown at the origin, (ii) a bright 
yellow band, (iii) a diffuse orange-brown band, and (iv) a diffuse pale-
yellow band. As the bands moved very slowly the benzene content of the 
eluting solvent was increased to 50%. 	Band (iv) was eluted in the normal 
way; bands (i) and (ii) were isolated by removing the respective segments 
of alumina from the top of the column. All the material could be accounted 
for in bands (i), (ii), and (iv). 
Band W. A film of red-brown material was recovered (0.09 g). 
The n.m.r. spectrum of this material was poorly resolved and showed a 
multiplet at S 6.3-8.2 p.p.m. and weak broad singlets at 5 4.8, 4.75, 4.1 and 
3.2 p.p.m. 
Band (ii). 	A brick-orange solid was recovered (0.23 g). 	The n.m.r. 
spectrum showed only a broad multiplet in the aromatic region 6 6.5-8.2 p.p.m. 
The mass spectrum had rn/e (inter alia) 374 (weak), 349 (weak), 347, 312, 
298, 224, 221, 208 (B), 207, 206, 193, 179, 178. 
Band (iv). 	Elution required 250 ml of solvent and the eluent was 
collected in two equal portions. 	A yellow-brown solid (0.06 g) was 
recovered from the first portion. The n.m.r. spectrum showed a multiplet 
at 6 6.7-7.7 p.p.m. and a singlet at 5.3 p.p.m. with an integration ratio 
of 20:1. The mass spectrum had (inter alia) m/e 568 (very weak), 490, 
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374, 319, 297, 296, 206, 193 (B). 	The second portion gave a red-brown 
oil (0.23 g) whose n.m.r. spectrum showed singletsignals at 5.2, 4.7, 
4.05, 3.0 and 2.2 (broad). 	The signals observed in the spectrum of the 
product recovered from the first portion of eluent were also present, 
suggesting that the material recovered from the second portion was 
derived from the decomposition of the material in the first fraction. 
Comparison of the n.m.r. spectrum of the crude oxidation product 
with that of the product of the early oxidations of 1-benzyl-1-phenyl-
hydrazine and that of the material recovered from the mother liquor of 
recrystallisation of 1,4-dibenzyl-1,4-diphenyltetraz-2-ene (see p 165 
showed that a common feature was the multiplicity of signals in the 
region 6 2.5-5.5 p.p.m. 
The formation of 2-formyistilbene phenylhydrazone in the oxidation 
process was suggested by the presence of peaks at m/e 298 and 221 in the 
mass spectrum of the material recovered from band (ii). The n.m.r. 
spectrum of the band (ii) material was not incompatible with that of an 
authentic sample of 2-formyistilbene phenyihydrazone. T.l.c. (alumina/Cd 4 ) 
supported this possibility. A control experiment showed that 2-formyl-
stilbene phenyihydrazone was stable to the oxidation conditions. 
Thus the product of oxidation appeared to be a mixture of the 
tetrazene, its decomposition products, and 2-formyistilbene phenyihydrazone. 
Mass spectral data suggested that the order of elution was first the 
tetrazene and its decomposition products followed by the phenyihydrazone: 
cf. benzaldehyde.phenylhydrazone is eluted slower than 1,4-dibenzyl-1,4-
diphenyltetraz-2-ene on t.l.c. (alumina/carbon tetrachloride). 
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Preparation of 2-Formyistilbene Pheny1hdrazone 
The hydrazone was prepared in the usual way by the condensation of 
2-formyistilbene with phenyihydrazine. The aldehyde was prepared 
170, 
by the method of Dale et al 	and was obtained as .a dark-brown gum. 
An attempt to prepare the aldehyde by an adaptation of the method of 
171 
Kornbluxn et al. 	was unsuccessful. A mixture of the aldehyde 
(0.30 g; 1.4 mmole) and phenyihydrazine (0.155 g; 1.4 mmole) 
in absolute alcohol (10 ml) was stirred for ca. 20 h and the product 
was isolated by filtration as a bright yellow solid (0.21 g; 50%), 
m.p. 130-131°C; tS 6.5-8.1 P.P.M. (in); v 	(nujol) 3300 (w), 1600 (s), 
1500 (in), 1500 (in) , 1340 (w), 1310 (w) , 1250 (s) , 1170 (w), 1135 (in), 
1070 (rn), 1040 (w), 965 (5), .920 (m), 890 (m), 740 (s), 720 (in) , 685 (s) 
cm. 1 ; in/e 298 (P) 1 221 (-77), 206 (B) 
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Preparation and Oxidative Rearrangement of 1-(Pent-3-en-2-yl)-1-Phenylhydrazine 
Preparation of 1-(Pent-3-en-2-yl)-1-Phenylhydrazine.- The hydrazine was pre-
pared by alkylation of the sodium salt of phenyihydrazine with. 2-chloropent-3- 
ene using the procedure described above (see p.130 
Preparation of trans-Pent-3-en-2-ol. 
The alcohol was prepared by the reaction of methylinagnesium chloride with 
crotonaldehyde using a modification of the method of Coburn. 73 The Grignard 
reagent was prepared by passing a steady stream of methyl chloride through a 
stirred suspension of magnesium metal (60.02 g; 2.50 mol) in dry ether (1700 ml 
at a rate sufficient to maintain gentle boiling until all the magnesium had 
been consumed; the mixture was then stirred for ca. 1 h. A solution of 
freshly distilled crotonaldehyde (100.00 g; 1.43 mol) in dry ether (300 ml) was 
added dropwise with stirring, and the mixture was stirred for 1 h. at room 
temperature. A saturated solution of ammonium chloride (400 ml) was added 
slowly and the resulting mixture was repeatedly extracted with ether. 
Concentration of the combined extracts gave a clear, colourless liquid which 
was distilled through a 6 in. Vigrew column (101.07 g; 82%), b.p. 119-120 °C 
lit . 172 120°C; 5 1.12-1.20 d, J = 6Hz, 3H, CH 3-CH(OE)- , 1.65-1.71 (d, 
J = 4Hz, 3H, CH3-CH=CH-), 3.55 (S, 1H,-OH), 3.8-4.35 m, 1H, -CH (OH) -CH 3 
5.3-5.6 p.p.m. (m, 2H, olefinic); v 	(film) 3380 (broad, s), 2980 •(s), 
1680 (w) , 1460 (s) , 1380 (s), 1300 (m), 1160 (m), 1120 (m), 1065 (s), 970 (s), 
920 (s), 870 (w) cm 1 . 
Although the intended asymmetric induction experiment would require the 
resolution of this racemic alcohol, 
127 
 the preliminary experiments were 
carried out using unresolved pent-3-en-2-ol. 
Preparation of 2-Chloropent-3-ene. The compound was prepared from the 
parent alcohol in two ways: 
a) Using Phosphorous Trichloride: The procedure of Balfe et al 128  was used. 
A solution of pent-3-en-2-ol (8.15 g; 0.095 inol) in dry pyridine (1.70 g; 
0.02 mol) was added dropwise with stirring over a period of ca. 
8 mm. to neat, freshly distilled phosphorous trichioride (5.00 g; 
0.036 mol) at 00C. 	The reaction mixture was allowed to stand for ca. 2h 
J. I .L. 
at room temperature, during which time two distinct layers separated. 
The upper layer was decanted from the lower pale-yellow syrup and was 
distilled to give the chloride as a clear colourless liquid (6.50 g; 
65%);. b.p. 20-22°C/32 mm Hg; 92-97°C/760 mm Hg, lit. 
128 
 b.p. 200I 
12 mm Hg; a 1.5-1.9 (m, 6H, methyl), 4.45-4.85 [m, iii, -CH(Cl)-CH 3}, 
5.5-5.85 p.p.m. (m, 2H, olefinic); v 	(film) 3030 (m), 2990 (s), 
2960 (s), 2940 (s), 2920 (m), 2890 Cm), 2860 Cm), 1670 (m), 1450 (s), 
1380 (s), 1270 (w), 1215 (s), 1160 (m), 1100 (w), 1050 (w), 1015 (s), 
960 (in), 885 (m), 860 (w), 740 (w), 650 (s) cm'; ni/e 106, 104, 91, 89, 
69 (B). 
b) Using Hydrogen Chloride: This was the preferred method of preparing 
2-chloropent-3--ene since the reaction by-products were readily identifiable 
and easily removed. 	A steady stream of dry hydrogen chloride gas was 
bubbled through the neat alcohol (28.81 g; 0.335 mol) at 0°C for Ca. 
45 mm. The reaction mixture separated into a clear pale brown upper 
layer and a cloudy grey lower layer. The infra-red spectrum of the upper 
layer was examined periodically during the reaction and the passage of 
hydrogen chloride was stopped when the spectrum showed no absorption in 
the 0-H region. The upper layer was separated and warmed gently with 
stirring for Ca. 1 h to remove dissolved hydrogen chloride. Anhydrous 
potassium carbonate was then added in small portions until no further 
effervescence was observed. The clear colourless liquid was collected 
and was used without further purification (28.94 g; 82%). The infra-red 
and n.m.r. spectra of this material were identical to those of the product 
obtained from (a). 
Examination of the Purity of the Prepared 2-Chloropent-3-ene. The presence 
of an absorption in the carbonyl region of the infra-red spectrum of the 
prepared pent-3-en-2-ol (v 	 1680 cm 1 ) and 2-chloropent-3-ene (v max. 	 max. 
1670 cm 1 ) cast some doubt as to the purity of these compounds. 
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Comparison with the infra-red spectra of crotonaldehyde and of pent-3-en-2-one 
173 
(prepared by the method of House .) showed that the absorption could not be 
attributed to either of these compounds. Similarly, the n.m.r. spectrum of 
the neat alcohol did not contain any signals attributable to crotonaldehyde 
or to pent-3-en-2-one. Examination of the chloride by gas chromatography 
(15% P.E.G.A. at 760C) indicated that the impurity was present in less than 
1%. The retention time of the impurity (7.4 mm) was not compatible with 
that of pent-3-en-2-one (14.3 mm) or with that of crotonaldehyde (8.5 mm). 
The infra-red spectrum suggested that the impurity contained a carbonyl 
group and an attempt was made to form the phenyihydrazone derivated which 
it was hoped could be separated from 2-chloropent-3-ene by fractional 
distillation. A solution of the prepared 2-chloropent-3-ene and excess 
phenyihydrazine in ethanol was heated under reflux for ca. 3 h. The 
ethanol was then removed under reduced pressure and the residue was 
distilled under vacuum. However, the infra-red spectrum of the distillate. 
retained the absorption at 1680 cm- 
1. 
 No further attempt was made to 
identify the impurity and in view of its very low estimated concentration 
(< 1%), the chloride was used as obtained after distillation. The chloride 
developed a yellow-brown colour after standing for several weeks. 
iii) Alkylation of the Sodium Salt of Phenylhydrazine with 2-Chloropent--3-ene. 
The alkylation was generally carried out using freshly prepared alkylating 
agent; otherwise a recently prepared sample was distilled before use. 
The sodium salt of phenylhydrazine was prepared by the method already 
described (see p. 130). The reaction time and conditions varied 
slightly from one preparation to the next and while all gave the 
required product, the following conditions were most successful. 
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2-Chloropent-3-ene (10.52 g; 0.1 mol) was added in one portion to 
the sodium salt of phenyihydrazine (0.1 mol) in dry benzene (150 ml) at 
room temperature. The mixture was stirred overnight under dry nitrogen 
before heating at 60-700C for ca. 40 h. The product hydrazine was isolated 
as an orange-brown liquid (14.64 g; 83%); ô 1.18 - 1.26 [d, J = 6 Hz, 
3H, -CH (CH 3 )_CH=CH_CH3 ], 1.55-1.75 (m, 3H,-CH=CH-CH3 ), 3.15-3.60 (broads,- 
NE 	4.10-4.65 [m, 1H,-CH(CH3 )-CH=CH-CH3 ], 6.55-7.45 p.p.m. (m, 5H, 
aromatic). The n.m.r. spectrum also showed the presence of much weaker 
signals usually observed as shoulders at the base of the low frequency 
doublet signal; these signals were thought to be due to the presence of 
a small amount of the di-alkylated product (see below). The infra-red 
spectrum had: v 	(film) 3340 (m), 3015 (m), 2970 (s), 2930 (s), 1598 (s), 
MA 
1495 (s), 1450 (xxi), 1375 (m), 1290 (s), 1160 (m), 1030 (m), 975 (s), 880 (s), 
840 (m), 760 (s), 695 (s) cm-1
. 
	The mass spectrum had m/e (inter alia): 
244 (weak), 229 (v.weak), 214 (v.weak), 176, 175, 161, 131, 108, 107, 105, 
77, 69. The degree of di-alkylation suggested by the mass spectrum, was 
not supported by the integration ratios of the n.m.r. spectrum. The 
hydrochloride was prepared in the usual way (see P. 129) and because of 
complications in its recrystallisation (see p. 174; Discussion p. 70 
it was characterised in its crude form; m.p. 207-209 0C (a red-brown 
colouration developed at ca. 200°C); v 	(nujol) 3230 (s), 2700 (s), 
1610 (s), 1590 (s), 1575 (s), 1540 (m) , 1500 (s), 1245 (m), 1205 (m), 
1170 (w), 1160 (w) , 1080 (w), 1050 (w), 970 (w), 895 (s), 865 (s), 770 (s), 
730 (m), 690 (s) cm- 1. 
On several occasions, alkylation gave a product which contained some 
unreacted phenyihydrazine as judged by the integration of the n.m.r. 
spectrum. The infra-red spectrum of the hydrochloride contained absorptions 
in the same region as those taken to be diagnostic for the presence of 
phenylhydrazine hydrochloride (see P. 129 ) and so this test could not be 
applied to establish the purity of the alkylation product. 
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Attempted Purification of 1- (Pent-3-en--2-yl) -1-Phenyihydrazine Hydrochloride 
Using the Hydrochloride Procedure. 
Although the n.m.r. spectra of the products from the alkylation of the 
sodium salt of pheriylhydrazine indicated a fairly high degree of purity with 
respect to phenyihydrazine contamination, it was hoped to remove any phenyl-
hydrazine present by selective benzene extraction of the hydrochloride of the 
crude 1- (pent-3-en-2-yl) -1--phenyihydrazine (see p. 130). 
A stream of dry hydrogen chloride was passed through a solution of the 
crude hydrazine (21.82 g; 0.12 mol) in dry ether (150 ml) at 0°C. The 
precipitated hydrochloride was recovered in 72% yield (Yields of 65% and 
70% were subsequently obtained). 
(a) Successive Benzene Extraction: The crude hydrochloride was repeatedly 
extracted with benzene (ca. 1500 ml in total), and the combined extracts were 
concentrated to give a white solid. Basification of this solid with aqueous 
sodium carbonate solution followed by ether extraction gave a yellow liquid 
after removal of the solvent. 	The n.m.r. spectrum (Cd 4) of this liquid 
indicated that it was a mixture of the desired hydrazine and another compound 
of broadly similar structure, present in apparently equal amount. Later 
observations [ see (b) below] suggested that this second component was 
2- (pent- 3-en- 2-yl) -l-phenylhydrazine. 
The residue of the extraction procedure, a white solid, was treated 
with 10% aqueous sodium hydroxide solution and the mixture was extracted 
with ether. Concentration of the dried extract gave a brown liquid 
(1.29 g) which was shown by n.m.r. spectroscopy (Cd 4 ) to be a mixture of 
phenylhydrazine and a very small amount of l-(pent-3- en- 2--yl)-l-phenyl- 
hydrazine. The recovery of phenylhydrazine was substantially higher than 
expected; the amount recovered corresponded to a contamination in the 
crude 1-(pent-3-en-2-yl)-l-phenylhydrazine of 17% by weight and 26 mole %. 
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(b) Continuous Benzene Extraction. 
Extraction of the Crude Hydrochloride with Hot Benzene: The hydro-
chloride (8.55 g; 0.04 mole), contained in a Soxhiet extractor was 
continuously extracted with dry benzene for three days. The extract was 
cooled to room temperature and a white precipitate was collected by filtration 
(1.22 g); v 	 (nujol) 3180 (rn), 3120 (w), 2730 (s), 1605 (s), 1585 (in), 
1498 (rn), 1305 (w), 1235 (w), 1140 (w), 1070 (w), 970 (m), 910 (m), 850 (w), 
785 (s), 750 (s), 692 (s) cm 1 ; m/e 176, 149, 108,'107 (B). 
Continuous extraction was resumed for a further 7 days. However, on 
cooling the benzene extract, no white precipitate was obtained. The extract 
was concentrated to give a viscous brown oil (2.30 g) which, unlike the 
hydrochloride earlier recovered from the benzene extract, was completely 
soluble in chloroform. The n.m.r. spectrum of this oil was poorly resolved 
and the complexity of the spectrum, particularly the methyl region, suggested 
that the material was a multi-component mixture. Although signals which 
could be attributed to the pentenyl moiety were observed, the complexity of 
the spectrum suggested that the extraction process was far from straight-
forward. The residue of the extraction procedure was recovered as a white 
solid (3.32 g). 
Treatment of the Products and Residue of Continuous Benzene Extraction 
with Base: Each of the three fractions was treated with 20% aqueous sodium 
carbonate solution and the product was isolated by ether extraction in the 
usual way. 
The white solid obtained from the benzene extract gave a yellow-brown 
liquid whose n.m.r. spectrum was significantly different to that of the 
original crude 1-(pent-3-en-2-yl)-l-phenylhydrazine. 	The signals of the 
pent-3-en-2-yl moiety were still present and a broad singlet suggested 
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the presence of the N-H function. The integration of the n.m.r. 
spectrum supported the view that the product might be 2- (pent-3-en-2-yl)-1-
pheny1hydrazine and the spectrum was assigned on that basis as follows: 
6 (100 MHz) 1.02-1.08 [d, J = 6 Hz, 3H, -CH(CH 3 )-CH=CH-CH 3 ], 1.60-1.68 
[doublet with fine splitting, J = 6 Hz, 3H, -CH(CH 3 )-CH=CH-CH3 1 1  3.05-3.44 
Ia, -CH(CH3 )-CH=CE-CH3 ], 3.7-4.6 (broad s, 2H, -NH), 5.02-5.80 (m, 2H, 
olefinic), 6.52-6.90 and 7.02-7.36 p.p.m. (m, 5E, aromatic); v 	(film) 
3280 (s, broad), 3005 (m) , 2940 (s), 2915 (s), 2855 (m), 1590 (s), 1485 (s), 
1455 (m) , 1440 (m) , 1370 (m) , 1300 (w), 1250 (m), 1160 (w), 1145 (w), 1125 (w), 
1065 (w), 1020 (w), 965 (m), 875 (w), 765 (s), 750 (s), 690 (s) cm -1 . 
The mass spectrum recorded after the hydrazine had stood for a few days, 
had m/e 174, 159, 105, 77 (B). 	The n.m.r. spectrum of the same solution 
was recorded again Ca. 24 h later and several new signals were observed 
in addition to those mentioned above. In order to examine the possibility 
that the changes in the n.m.r. spectrum were due to oxidation of the 
supposed 2- (pent-3-en-2-yl) -1-phenyihydrazine, the solution was diluted 
with carbon tetrachloride (2-3 ml) and treated with a small amount of 
yellow mercuric oxide. The mixture was stirred overnight in the dark 
under nitrogen, and the product was isolated in the usual way. The 
n.m.r. spectrum of the resultant liquid showed enhancement of the signals 
earlier attributed to the product of oxidation; the signals of the parent 
hydrazine compound had disappeared. The product was thought to be 
2-phenylazopent-3-ene and its n.m.r. spectrum was assigned accordingly. 
(This view was supported by the fact that the n.m.r. spectrum of the 
product of mercuric oxide oxidation of l-(pent-3- en- 2-yl)-l-phenylhydrazine - 
expected to be 2-phenylazopent-3-ene by oxidative rearrangement - showed the 
same signals). The mercuric oxide oxidation was repeated on a larger scale: 
a mixture of the hydrazine (0.68 g; 0.0038 mole) and yellow mercuric oxide 
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(2.51 g; 0.011 mole) in methylene chloride (34 ml) was stirred at room 
temperature with exclusion of light for 46 h, before isolating the product 
in the usual way (see p. 147). Dry column chromatography [alumina, 
50 cm x 3 cm/petroleum-ether (b.p. 40-600C) ] gave a diffuse bright-
yellow band (Rf. ca. 0.6) from which was recovered a mobile orange-yellow 
liquid, (0.29 g), with a nauseatingly sweet smell; 5 (Cd 4) 1.34-1.52 
d, J = 6 Hz, 3H, -CH(CH 3 	 3 } )-CH= CH-CH, 1.68_l.8{d, J = 6 Hz, 3H, -CH(CH [ 	 3)- 
CH=CH-CH3], 4.05_4.50[m, 1H, -CH(CH 3 )-CH=CH-CH3 ], 5.6-5.82 (in, 2H, olefinic), 
7.22-7.75 p.p.m. (m, 5H, aromatic); 
'max.  (film) 3040 (w), 3005 (w), 2960 (s), 
2910 (m), 2850 (in), 1585 (s), 1490 (s) , 1440 (in) , 1370 (w), 1355 (w), 1145 
M, 1015 (w), 960 (s), 765 (s) , 745 (s), 690 (s) cm- 1. 
The brown oil which was obtained from the second extraction was 
examined after a delay of several months; the n.m.r. spectrum was broadly 
similar though not identical to that of the freshly-obtained material. 
As the oil was insoluble in water, a solution in chloroform was treated with 
an excess of aqueous sodium carbonate solution and the chloroform layer was 
separated. After drying and concentrating the extract, a red-brown oil was 
obtained. The n.m.r. spectrum of this oil was not appreciably different to th 
of the material before treatment with base, and could not be reconciled with thE 
product from the recrystallised hydrochloride (see preceding paragraph). 
A portion of the extraction residue (1.02 g) was treated with 20% 
aqueous sodium carbonate solution and the mixture was extracted with ether. 
Concentration of the dried extract gave a yellow-brown liquid (0.68 g), the 
n.m.r. spectrum of which was very similar to that of the initial product 
from the recrystallised hydrochloride; on the basis of the assignment 
given to the latter product, the appearance of the spectrum, and its 
integration, suggested that the liquid was a mixture of 2-(pent-3-en--2-yl)-1-
pheny1hydrazine and phenylhydrazine (possibly as much as 30%). 
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A.. benzene solution of this material was heated under reflu.x, 
with exposure to the atmosphere for one week. The solution was concen-
trated to give a red-brown liquid whose n.m.r. spectrum showed the same 
signals as that of the oxidation product derived from the recrystallised 
hydrochloride. Several other weaker signals were also observed: 
several spurious peaks in the methyl region (cS 0.9-2.0 p.p.m.), a doublet 
(6 2.25 p.p.zn., J = 4Hz), a multiplet ('5 5.3 - 5.6 p.p.m.) and a poorly 
resolved multiplet in the aromatic region. A solution of the crude 
1-(pent-3-en-2-yl)-1-phenylhydrazine in benzene was similarly heated under 
reflux; concentration of this solution gave back the hydrazine unchanged. 
These results indicated that the product of the second benzene 
extraction (the brown oil above, p.125) was not simply derived from the 
hydrochloride of the crude 1-(pent-3-en-2-yl)-1-phenylhydrazine undergoing 
in situ loss of hydrogen chloride and reacting further; nor was it derived 
simply from the "rearranged" hydrochloride (the white solid remaining in 
the extraction thimble - see above) behaving in similar fashion. 
The continuous benzene extraction process was repeated twice more 
on samples of crude 1-(pent-3-en-2-yl)-1-phenylhydrazine of comparable 
purity with respect to phenylhydrazine contamination. The only modification 
was that the Soxhiet extraction was lagged with aluminium foil and cotton 
wool. 
In both cases an orange coloured benzene extract was obtained from 
which no solid separated on cooling. The benzene extracts were treated 
with an excess of 20% aqueous sodium carbonate solution and the organic 
phase was isolated. 	In both cases, removal of benzene gave brown liquids 
(0.75 g and 5.02 g from 5.58 g and 19.02 g of crude hydrochloride, 
respectively), the n.in.r. spectra of which were complex and incompatible 
with that of 1-(pent-3-en-2-yl)-l-phenylhydrazine. A particular feature 
-179- 
of the n.m.r. spectra was that the integration of the methyl region was 
2 to 3 times that of the aromatic region. The residues from these 
continuous extractions were worked up via aqueous sodium carbonate in 
the same way. The n.m.r. spectra of the liquids obtained indicated 
the presence of phenyihydrazine; the n.m.r.spectra also showed weaker 
complex signals similar to those of the products from the benzene extracts. 
Attempted Recrystallisation of the Hydrochloride of Crude 1-(Pent-3-en-2-yl)-
1-Phenylhydrazine from Ethanol 
The hydrochloride used (0.80 g) was grey in colour, and the 
recrystallisation solution became red-brown in colour. Ether was added 
to the cooled solution to encourage crystallisation, and the white solid 
which separated (0.18 g) was collected by filtration; the filtrate was 
evaporated to give a brown solid which was washed with petroleum ether 
(b.p. 40-600C) to give a light brown solid (0.57-g). 	Both samples were 
treated with 20% aqueous sodium carbonate solution and extracted with 
ether. Concentration of the dried extracts gave an orange-brown liquid 
(0.13 g) and a more mobile orange-red liquid (0.35 g) respectively 
The infra-red spectrum of the former showed a very strong absorption 
in the N-H region, and the n.m.r. spectrum, though poorly resolved, 
showed signals attributable to phenylhydrazine, and weaker signals 
similar to those of the pentenyl moiety. The infra-red spectrum of 
the latter product also showed a strong N-H absorption; its n.m.r. 
spectrum closely resembled that of the product of basification of the 
hydrochloride recrystallised from benzene (successive benzene extraction; 
see p.174), and was interpreted in terms of a mixture of the 1,1- and 
1,2- (pent-3-en--2-yl) -phertyihydrazine, the former predominating. 
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In another attempted recrystallisation the ethanolic solution was 
inadvertently allowed to evaporate to dryness. The recrystallisation 
procedure was repeated; a white solid was precipitated by the addition 
of ether, and evaporation of the mother liquor gave a further yield of 
white solid. Work-up, via aqueous sodium carbonate solution and ether 
extraction, gave a viscous brown oil and a more mobile orange-yellow 
liquid respectively. The n.m.r. spectrum of the former was complex and. 
uninformative. The spectrum of the latter suggested that the liquid was 
2- (pent-3-en-2-yl) -1-phenyihydrazine with no detectable amount of 
1-(pent-3-en-2-yl)-1-phenylhydrazine. The N-H signals of the supposed 
1,2-hydrazine appeared at different chemical shifts, and were obscured 
by the signals of the methine and olefinic protons of the .pentenyl group; 
they were identified by exchange with deuterium oxide.. (The N-H signals 
had previously been observed as a very broad singlet - see p.176 ). The 
mass spectrum of the material had m/e (inter alia) 244 (v. weak), 176, 
159, 146, 145, 144, 133, 132, 117, 108, 107, 105, 77, 69. 	Examination of 
the n.m.r. spectrum of the liquid after 5 days indicated that aerial 
oxidation to give 2-phenylazopent-3-ene was occurring (cf. P6176 ). 
(A cursory examination of the behaviour of the hydrochloride in 
boiling aqueous solution was also made. A solution of the hydrochloride 
(0.59 g) in water (25 ml) was heated under ref lux for 6 h; a pale yellow-
brown colour soon developed, and a film of brown oil separated. The 
water-insoluble oil was extracted with chloroform, as was the aqueous 
residue, after basification with aqueous sodium bicarbonate solution. 
Concentration of the extracts gave a brown gum (0.21 g) and a viscous 
orange liquid (0.13 g) respectively. 	The n.m.r. spectrum of the former, 
though poorly resolved, suggested that it was a complex mixture. The 
spectrum of the latter material indicated that it was very largely 
-181- 
2- (pent-3-en-2-yl) -1-phenyihydrazine. The spectrum also suggested the 
presence of a small amount of 1-(pent-3-en-2-yl)-l-phenylhydrazine and 
2-phenylazopent-3-ene; the integration ratio of the aromatic region 
to the methyl region suggested the presence of some phenyihydrazine.) 
Oxidation of 1- (Pent-3-en-2-yl) -1-Phenyihydrazine. 
The oxidation was carried out on the crude hydrazine since purification 
by benzene extraction of the hydrochloride had proved inapplicable (see above). 
a) With Yellow Mercuric Oxide. A mixture of the hydrazine (5.00 g; 0.028 molE 
and yellow mercuric oxide (18.10 g; 0.083 mole) in 'Analar' chloroform 
(240 ml) was stirred under nitrogen with exclusion of light for Ca. 40 h at 
room temperature. 	(The mercuric oxide developed a green colouration very 
shortly after mixing the reagents). The mixture was filtered to remove 
the inorganic residue, and the filtrate was concentrated under vacuum at 
room temperature to give an orange-yellow, mobile liquid (4.61 g; 92% 
recovery of material), with a nauseating, sweet smell. 	The n.m.r. spectrum 
of this material suggested that it was not a single component product; 
tS 1.38-1.54 [(d, J = 6 Hz), 1.65-1.85 (rn)], 4.05-5.0 (rn), 5.28-5.9 (rn), 
7.1-7.76 p.p.m. (m, aromatic). 	The integration of the spectrum was 
consistent with the original ratio of aromatic to pentenyl protons, and 
the appearance of the spectrum suggested the presence of two major components 
(each having the pent-3-en-2-yl substituent) in the ratio of ca. 3:2 
[Expansion of the spectrum showed that the doublet in the methyl region was 
composed of two superimposed doublets each having a coupling constant of 
6 Hz, and that the multiplet at 6 4.05-5.0 p.p.m. was in fact due to two 
separate multiplets of very similar structure both could be ascribed to 
the aliphatic methine proton, -CH(CH 3 )CH=CHCH3 , of the 3-penten-2-yl moiety]. 
A weak and poorly resolved signal with seemingly multiplet structure was 
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observed at 6 3.2-3.6 p.p.m., which, together with the other weak, apparently 
spurious signals observed in the methyl region suggested the presence of a 
further minor component or components (see the mass spectral and chromato-
graphic evidence below). 
The infra-red spectrum of the oxidation product showed no absorption 
in the N-H region and did not suggest any particular functionality: 
V 	(film) 3040 (m), 3005 (m), 2960 (s), 2915 (s), 2850 (m), 1650 (broad, w), 
1585 (broad, w), 1470 (m), 1440 (s), 1365 (rn), 1285 (w), 1210 (w), 1150 (w), 
1065 (m), 1015 (m), 960 (s), 920 (w), 890 (w), 760 (broad, s), 730 (w), 
695 (s), 690 (s) cm 1 . 
T.l.c. (silica gel/benzene) gave a diffuse yellow spot (Rf. 0.68) 
tailing back to the origin. Wet column chromatography (silica gel; 
31 cm x 2.5 cm/benzene) of the oxidation product (4.18 g) gave a continuous 
band, the head of which was yellow but which became progressively orange-
brown towards the origin. The eluent was collected in several portions: 
Ci) 60 ml (ii) 80 ml (iii) 250 ml, and then concentrated. 
The n.rn.r. spectrum of the mobile orange-yellow liquid (2.48 g) 
was identical to that of the material prior to chromatography. 	(This 
material was subsequently used in the hydrogenation study - see p. 186). 
The mass spectrum had m/e (inter alia) 174, 159, 105 (B), 77, consistent 
with 2-phenylazopent-3-ene. 
The n.m.r. spectrum of the mobile orange-yellow liquid (0.75 g) 
was also virtually identical to that of the crude oxidation product. 
However, on prolonged heating in a hot water-bath, new signals were observed 
in the n.m.r. spectrum. { 5 1.22 (d, J = 6 Hz), 1.7 (d, J = 8 Hz), 1.95 - 
2.08 (in), 2.2-2.3 (weak, in), 3.9-4.35 (m), 5.75-6.25 (m), 6.7-7.2 p.p.m. 
(in, aromatic) . 	These new signals were consistent with the formation of 
a species still retaining the pent-3-en-2-yl group. 
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(iii) A red-brown oil (0.23 . -g) was recovered which, although it 
had the same smell as the oxidation product and the products from (1) 
and (ii), had a quite different n.m.r. spectrum. The spectrum was very 
poorly resolved, but showed a multiplicity of signals, particularly in 
the methyl region. 
The oxidation was repeated several times using chloroform, methylene 
chloride and ether as solvent. The n.m.r. spectrum of the oxidation 
product was invariable. and identical to that of the crude product above. 
Yields, based on the recovery of material, were in the region of 80-94%. 
On several occasions, it was suspected that the evolution of gas accompanied 
the addition of the hydrazine to the suspension of mercuric oxide. All 
attempts to separate the components of the oxidation product by chromatography 
using both wet column (silica gel/n-hexane) and dry column [6% deactivated 
alumina/petroleum ether (b.p. 40_6000) ] techniques were unsuccessful. 
Examination of a typical sample of the oxidation product by high 
pressure 	liquid chromatography ['Wolfson Liquid Chromatography Unit' 
silica, 7].I (125 mm x 5 mm); n-hexane; 270 p.s.i. J confirmed the presence 
of two major components, in the ratio of 1.35:1, with retention times of 
11.1 mm. and 10.5 mm. respectively. 	Three very minor components (less 
than 1%) could also be observed in the chromatogram (cf. the n.m.r. spectrum 
which showed several weak signals attributable to the presence of very minor 
components). 
The mass spectrum of a crude sample of a typical oxidation product 
showed weak peaks at m/e 242 and 227, in addition to those already ascribed 
to the expected azo-compound. These may be due to pent-3-en-2-one 
1-(pent-3-en-2-yl)-l-phenylhydrazone; m/e 242 (P), m/e 227 (P-CH3). 
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Two successive oxidation experiments were found to give a small 
amount of a white solid (m.p. ca. 2300, sublimation) in addition to the 
usual orange-yellow liquid. The n.m.r. spectrum of a very dilute 
solution of the solid, which was only very slightly soluble in deutero-
chloroform, showed a large singlet at S 7.3 p.p.m. and two weak, poorly-
resolved multiplets at ô 1.27 and 1.62 p.p.m. 	The mass spectrum had 
m/e (inter alia) 406, 358, 314, 279, 202, 186, 172, 154, 112, 77. 	The 
same peaks, but of lower intensity, were observed in the mass spectrum 
of the liquid oxidation product in these two instances. As the solid could 
not be characterised in terms of the oxidation of 1- (pent- 3-en- 2-yl) -1-
phenylhydrazine, and since its formation was observed in only two of the 
several oxidation experiments, it was thought likely that it was derived 
from the particular batch of celite which had been used in the work-up 
process of these two oxidation experiments. 
(b) With Lead Tetra-acetate. The oxidation was carried out using the 
method already described (see p.146). 	The reaction mixture, consisting 
of lead tetra-acetate (1.55 g; 3.5 rnmole).and the hydrazine (0.52 g; 
3 mmole) in methylene chloride (50 ml) was stirred under nitrogen with 
exclusion of light for 40 mm., before filtering to remove the inorganic 
residue. The filtrate was washed with aqueous sodium bicarbonate 
solution (2 x 25 ml), dried (MgSO 4 ), and concentrated to give a wine-red 
liquid (0.49 g; 94% recovery of material). 	The nm.r. spectrum of this 
material was virtually identical to that of the product of mercuric oxide 
oxidation from (a), and t.l.c. (silica gel/benzene) gave the same bright 
yellow spot as previously observed in (a). 
(C) With p-Benzoquinone. The use of benzoquinone was suggested by the 
work of Wieland and Fressel 
112
who found that oxidation of l,l-dibenzyl-
hydrazine with benzoquinone gave the tetrabenzyltetraz-2-ene and not 
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bibenzyl as obtained from the oxidation with mercuric oxide; it was 
hoped that if the course of the oxidation of 1-(pent-3-en-2-yl)-1-phenyl-
hydrazine could be similarly diverted towards tetrazene formation, the 
nature of the oxidation products from (a) and (b) could be resolved. 
The procedure used parallelled that of Wieland and Fressel) 2 
A solution of -benzoquinone (0.40 g; 3.7 mmole) in ethanol (16 ml) 
at 0°C, was added dropwise under nitrogen, over a period of 25 mm., to a 
stirred solution of the hydrazine (0.65 g; 3.7 mmole) in ethanol (5 ml) 
cooled in an ice-salt bath. The mixture, which developed an orange-red 
colour during the addition, was stirred for a further 10 mm. A small 
amount of a green-black solid precipitated and this was collected by 
suction filtration as a shiny, black paste; it was identified by n.m.r. 
spectroscopy as being impure hydroquinone - the n.m.r. spectrum did not 
show any signals attributable to the pentenyl moiety. Concentration of 
the filtrate at 50°C under vacuum gave a similar paste which was extracted 
with petroleum ether (b.p. 40-60°C). The insoluble material was removed 
by filtration and the orange-red filtrate was concentratedat 500  under 
vacuum to give a mobile orange-red liquid (0.58 g; 90% recovery of 
material), with an odour similar to that of the products from mercuric 
oxide and lead tetra-acetate oxidation. The n.m.r. and infra-red spectra of 
this material were virtually identical to those of the oxidation products from 
(a) and (b) above. 	Examination of the filtration residue by n.m.r. and 
infra-red spectroscopy, showed that it was very largely hydroquinone. 
The material was only slightly soluble in deuterochloroform, but the 
absence of signals characteristic of the pentenyl moiety in the n.m.r. 
spectrum indicated that the anticipated tetrazene or its decomposition 
products were absent. 
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than these signals were those of 2-phenylazopentané (see below, p. 188), 
presumably formed by air oxidation of the hydrazine. This result 
confirmed the identity of one of the components of the oxidation product 
as 2-phenylazopent-3-ene. Reduction of the second component of the 
oxidation product could not be confirmed as the broad singlet (6 4.6-5.1 
p.p.m.) obscured the region in which its most characteristic signals had 
been observed. The residual signals in the olefinic region, however, 
appeared in the same region as did the olefinic proton resonances of 
this second component. As stated above, the appearance of the n.m.r. 
spectrum of the hydrogenation product suggested the presence of at least 
three components derived from the reduction procedure; two of these were 
readily identified (above) but the third (giving rise to a multiplet of 
similar pattern to that observed for the methine proton of the pent-3-
en-2-yl and the pent-2-yl groups; '5 3.05-3.45 p.p.m.) could not be firmly 
identified. Comparison of the spectrum with that of 2- (pent-3--en-2-yl) -1-
phenyihydrazine (Experimental p. 176 and p. 180; Discussion p. 71 
supported the possibility that the unidentified third product might be 
this hydrazine, the product of reduction of the N=N bond of 2-phenylazo-
pent-3-ene. 
The mass spectrum of the hydrogenation product had m/e (inter alia) 
256 (w), 254, 178, 176, 175, 174, 173, 163 (w), 162 (w), 161 (w), 160 (w), 
148 (w), 147, 146, 145, 144, 131, 130, 105, 93. 92, 91, 77, 69. 	The 
observation of peaks above m/e 178 was surprising in view of the fact that 
the mass spectrum of the material prior to hydrogenation showed a parent 
peak having m/e174. 
Preparation of 2- (Pent- 2-yl) - 1-Phenyihydrazine. 
The hydrazine was prepared by reduction of pentan-2-one phenyl-
hydrazone with lithium aluminium hydride. 
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A solution of pentan-2-one (1.73 g; 0.02 mole) and phenyihydrazine 
(2.16 g; 0.02 mole) in ethanol (40 ml) was heated under reflux under 
nitrogen for ca.3h. The product was isolated as an orange-yellow liquid 
(3.50 g; 99%); S (Cd 4 ) 0.72-2.40 (m, lOB, aliphatic), 6.55-7.35 p.p.m. 
(in, GB, aromatic and -NH-) and was used without further purification. 
The hydrazone (3.50 g; 0.02 mole) was added dropwise to a stirred 
suspension of lithium aluminium hydride (1.51 g; 0.04 mole) in ether 
(50 ml). The mixture was stirred for 1 h and was then heated under 
reflux under nitrogen for 2.5 h. The product was isolated in the usual 
way (see p. 132 ) and was obtained as a bright-yellow liquid (3.04 g; 85%, 
unpurified). The infra-red spectrum of this material showed a strong 
absorption in the N-H region [ v (film), 3300 cm_. 
11. 
	The n.m.r. spectrum 
had S (Cd 4 ) 0.7-1.8 (m, lOB, methyl and methylene protons), 2.6-3.3 
[in and broad s, 2H, -CH(CH 3 )-CH2- and -NH-], 4.75-5.08 (broad,s, 1B, -NH-), 
6.25-7.75 p.p.m. (m, SB, aromatic). 
Preparation of 2-Phenylazopentane. 
A solution of 2- (pent-2-yl) -1-phenyihydrazine in 'Analar' chloroform 
was oxidised with yellow mercuric oxide on a small scale. The mixture 
was stirred overnight, and the product was isolated as a mobile orange-
yellow liquid; d (Cd 4 ) 0.65-2.20 (m, lOB, methyl and methylene protons), 
3.35_4.05[m, 1B, -CH(CH 3 )-CH2-], 7.1-7.8 p.p.m. (m, SB, aromatic). 
Attempted Characterisation of the Oxidation Products of 1- (Pent-3-en-2--yl) - 
l-Phenylhydrazine. 
The possible oxidation products which were considered were 
(a) those derived from the allylic rearrangement of the intermediate diazene, 
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and (b) those derived from the 'normal' oxidation pathway, the tetrazene 
and its decomposition products. 
a) Products from the Allylic Rearrangement. The anticipated products 
were 2-phenylazopent-3-ene and pent-3-en-2-one phenyihydrazone; authentic 
samples of these compounds were required for comparison. 
i) Attempted Preparation of 2-Phenylazopent-3-ene 
It was hoped to prepare this compound by the oxidation of 2-(pent-3-
en-2-yl)-l-phenylhydrazine. Two attempts were made to prepare the 
hydrazine: firstly by alkylation of the sodium salt of 2-formyl-l-phenyl--
hydrazine (see p. 152 )with 2-chloropent-3-ene, and secondly by alkylation 
of the sodium salt of 1,2-diformyl-l-phenylhydrazjne (see p. 159 ) with 
the same alkylating agent. The former method gave (after removal of 
the formyl group) a poor yield of a red-brown liquid whose n.m.r. spectrum 
appeared to show the signals of the pentenyl moiety; however, the inte-
gration of the spectrum did not correspond with that expected for the 
1,2-disubstituted hydrazine. The second method, which had been successfully 
used to prepare 2-allyl-1-phenylhydrazine in 85% yield (see p. 159 ), gave 
(after removal of the formyl groups) a very poor yield of a red-brown liquid 
(0.49 g from 3.28 g of 2-formyl-l-phenylhydrazine). 	The n.m.r. spectrum of 
the product showed several signals in the methyl region and had a much higher 
N-H integration (based on the integration of the olefinic signals of the 
pentenyl moiety) than expected for the desired hydrazine. The product 
from the first continuous benzene extraction of 1- (pent-3-en-2-yl) -1-
phenyihydrazine hydrochloride was thought to be the hydrochloride of 
2-(pent-3-en-2-yl)-1-phenylhydrazine, formed by rearrangement (see p. 175; 
Discussion p. 73 ). 	The n.m.r. spectrum of the free 1,2-disu.bstituted 
hydrazine, regenerated from the 'rearranged' hydrochloride, was quite 
different to those of the products of the attempted preparations described here. 
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Furthermore, the spectra of the alkylation products were not compatible 
with the spectra of the corresponding azo-compound formed by oxidation of 
2- (pent-3-en-2-yl) -1-phenyihydrazine. 
ii) Preparation of Pent-3-en-2-one Phenyihydrazone 
Freshly distilled pent-3-en-2-one (2.89g; 0.034 mole; b.p. 120-122 °C), 
prepared by the method of House et al, 
173
was added in one portion to a 
solution of phenyihydrazine (3.71 g; 0.034 mole) in absolute alcohol (20 ml). 
An exothermic reaction took place on mixing, and the reaction mixture was 
stirred at room temperature, under nitrogen, for 3 days. The solution was 
dried over magnesium sulphate, and was concentrated under vacuum at room 
temperature to give a brown gum. The product was shown by n.m.r. spectros-
copy to, contain a small amount of residual ethanol, but no attempt was made 
to purify the product further (e.g. by distillation) in order to avoid 
possible decomposition or rearrangement. The remainder of the n.m.r. 
spectrum of this material was consistent with that expected for pent-3-en-
2-one phenylhydrazine, although the integration of the aromatic region was 
larger than expected. 	(This was thought to be due to the presence of 
residual phenyihydrazine). The integration ratio of olefinic protons 
to methyl protons indicated that no cyclisation to give 3,5-dimethyl-l-
phenyl-2-pyrazoline had occurred. The observed n.m.r. spectrum had: 
1.78 (s), 1.88 (s), 3.0-3.5 (m), 5.55-6.6 (m, olefinic; d of q and d), 
6.6-7.4 p.p.m. (m, aromatic). 	The mass spectrum had m/e (inter alia) 
174 (P,B) and 159 (P-CH 3 ), in. accord with that expected for pent-3-en-2-one 
phenylhydrazone. 
(b) Products from the 'Normal' Oxidation Pathway. 
The species which were examined were N- (pent- 3-en- 2-yl) aniline and 1,2-di 
(pent-3-en- 2-yl) -1, 2-diphenyihydrazine. 
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i) Preparation of N- (Pent-3-en-2-yl) aniline 
Two synthetic routes were examined. Attempted Alkylation of Acetanilide: 
- 	 86 
The method used was that of Fones 	and parallelled the procedure which 
was used successfully to prepare N-allylaniline (Experimental p. 124). 
A mixture of the sodium salt of acetanilide (0.05 mole) and 2-chloropent-3-
ene (14.90 g; 0.14 mole) in xylene (180 ml) was stirred at room temperature 
under nitrogen for ca.. 18 h before heating under reflux for ca. 48 h. The 
mixture was cooled and filtered to remove a pale brown solid; concentration 
of the bright-yellow filtrate gave a cloudy yellow-brown oil (6.56 g). The 
n.m.r. spectrum of this material indicated the presence of the pentenyl 
moiety, but the multiplicity of signals observed in the methyl region 
suggested that the product was a multi-component mixture. The infra-red 
spectrum of the product showed an absorption in the N-H region (v 3300 cm -1 ) 
and a strong, broad absorption in the carbonyl region (v 1660 cm. 1). The 
mass spectrum of the product had m/e (inter alia) 203 (P), 188, 174, 160, 
146, 135, 93 (B); the presence of a peak at m/e 203 indicated that 
alkylation had occurred. In an attempt to purify the product, the oil 
was washed with petroleum-ether (50 ml; b.p. 40-60 0C): the extract was 
decanted off leaving a clear, brown, oily residue. A white solid 
separated from the extract on standing. This solid was collected by 
filtration and was identified by n.m.r. spectroscopy as being acetanilide 
(0.28 g); the filtrate was concentrated to give a cloudy yellow-brown 
oil (3.42 g), the n.m.r. spectrum of which closely resembled that of the 
crude alkylation product, except that the almost complete disappearance 
of the signals due to acetanilide was observed. The residue of the 
petroleum ether extraction, a clear bown oil, gave a tacky solid after 
cooling to 0 
0 
 C and scratching with a glass rod. This tacky solid was 
washed with petroleum ether (b.p. 40-60°C) and examined by n.m.r. spectroscopy. 
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The spectrum of the washed material (1.86 g) identified it as being very 
largely acetanilide; the observation of weaker signals attributable to 
the pentenyl moiety, suggested the possible presence of the desired 
N- (pent-3-en-2-yl) acetanilide (ca. 25%). Concentration of the petroleum 
ether washings gave a brown gum (1.00 g), the n.m.r. spectrum of which was 
virtually identical to that of the brown oil recovered from the original 
petroleum ether extraction process. Dry column chromatography 1silica 
gel/petroleum ether (b.p. 40-60°C)] gave material which had the following 
n.m.r. spectrum: 5 0.75-2.4 (m; eight significant peaks could be 
identified within this multiplet), 3.35-3.9 (m), 5.05-5.7 (m), and 
6.9-7.8 p.p.m. (in, aromatic), with integrals in the ratio 17.5:1:4.5:9.2. 
In brief, the alkylation of the sodium salt of acetanilide with 2-chioropent-
3-ene gave a mixture of acetanilide (2.14 g), possibly containing a small 
amount of N- (pent- 3-en-2-yl) acetanilide, and a brown oil (4.42 g) which 
appeared to be a mixture of components. 
A portion of the crude alkylation material (1.72 g) was heated under 
reflux with 3 M hydrochloric acid (50 ml) for ca. 4 h. The mixture was 
cooled and washed with ether before basifying by the addition of potassium. 
carbonate. Isolation of the product in the usual way gave a brown liquid 
(0.72 g) which was shown by n.m.r. spectroscopy to be largely aniline. 
The spectrum also showed the signals expected for the pent-3-en-2-yl group; 
comparison with the n.m.r. spectrum of an authentic sample of N-(pent-3-en-
2-yl)aniline (see below) indicated that the second component was not the 
desired amine. 
Alky.lation of Aniline with 2-Chloropent--3-ene: 
The procedure used parallelled that of Hickinbottom. 84 A mixture of 
freshly distilled aniline (9.30 g; 0.1 mole) and 2-chloropent-3-ene 
(4.20 g; 0.04 mole) was heated at 70°C under dry nitrogen for ca. 20 h. 
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The mixture was filtered to remove the precipitate of aniline hydrochloride 
and the filtrate was treated with a solution of zinc chloride (7.00 g) 
in water (7 ml). The resulting thick paste was repeatedly extracted with 
petroleum ether (b.p. 40-60°C) and the product was isolated from the extract 
as a mobile brown liquid (4.96 g; 77%). 	Distillation gave N-(pent-3-en-2-yl) 
aniline as a faintly yellow, mobile liquid (2.23 g) which became deep yellow 
coloured after standing for several weeks; b.p. .55-57 °C/0.02 mmHg; 6 (100 
d, J = 6 Hz, 3H, -CH(CH 3 )-CH=CH(CH3 )), 1.60-1.66 [d, J = 5 Hz, MHz) 1.18-1.25 [  
3H, _CH(CH3 )_CH=CH(CH3 )), 3.24-3.65 (broad s, 1H, >NH), 3.73-4.03 [in, iii, 
_CH(CH3 )_.), 5.24-5.82 (in, 2H, olefinic), 6.45-6.72 and 7.01-7.22 p.p.m. 
(in, 5H, aromatic ); v 	(film) 3400 (s), 3020 (s), 2965 (s), 2920 (s), 
1600 (s), 1505 (s) , 1450 (in), 1430 (in), 1375 (in), 1320 (s) 1260 (in), 1180 
(in), 1160 (in), 1075 (w), 970 (s), 870 (w), 755 (s), 695 (s) cm i ; m/e 
161 (P) 1 146, 93 (B). 	Accurate mass measurement 161.120898 (C11H15N 
requires 161.12044). 
In a control experiment to examine the behaviour of N- (pent-3-en-2-yl) 
aniline under the conditions of acid-catalysed hydrolysis used in the 
acetanilide alkylation approach (see p. 192), a sample of the amine (0.40 g) 
was dissolved in 3 M hydrochloric acid (25 ml) and the resulting solution 
was heated under reflux for 2.5 h. The cooled solution was basified by 
the addition of solid potassium carbonate, and was then extracted with 
ether. 	Isolation of the product gave a yellow-brown liquid (0.32 g), the 
n.m.r. spectrum of which was very similar to that of the hydrolysis product 
obtained in acetanilide alkylation. 
A further control experiment in which a mixture of N-(pent-3-en-2-yl)-
aniline and yellow mercuric oxide in chloroform, was stirred under nitrogen 
for ca. 48 h, showed that the amine was stable to mercuric oxide oxidation. 
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(ii) Preparation of 1, 2-Di (pent-3-eri-2-yl) -1, 2-Diphenyihydrazine. 
Prior to attempting the synthesis of this compound, an attempt was made 
to find supporting evidence in favour of its possible presence in the 
oxidation product of 1-(pent-3-en-2-yl)-l-phenylhydrazine. It was 
intended to prepare a sample of 1,2-dibenzyl-1,2-diphenylhydrazine, and 
to compare its n.m.r. spectrum with that of the corresponding azo-compound, 
phenylazotoluene (Discussion p. 88 ). The method of Frazen and Zimmerman 135 
was used: a solution of 1,4-dibenzyl-1,4-diphenyltetraz-2-ene in xylene 
was heated under ref lux for 1 h. The resulting orange-brown solution was 
concentrated under vacuum, and the product was distilled to give a pale 
yellow-green oil (b.p. 170-180°C/3 mm Hg). This material was identified 
as being N-benzylaniline by comparison of its n.m.r. spectrum with that 
of an authentic sample, and by its mass spectrum which showed a parent peak at 
ni/e 183, corresponding to the molecular ion of N-benzylaniline. 
The first attempted preparation of the title compound involved 
adaptation of the method of Wieland and Gambarj an 136 who reported the 
preparation of 1,1,2,2-tetraphenyihydrazine by oxidative coupling of 
N-phenylaniline. 
A mixture of N-(pent-3-en-2-yl)aniline (0.81 g; 0.005 mole) and 
lead dioxide (1.14 g; 0.005 mole) in dry benzene (28 ml) was stirred 
under nitrogen in the dark for 48 h. The maroon coloured mixture was 
filtered through a pad of celite and the filtrate was concentrated to 
give a mobile wine-red liquid (0.79 g). 	The infra-red and n.m.r. 
spectra of this liquid indicated that it was N-(pent-3-en-2-yl)aniline. 
In an altogether different approach, an attempt was made to prepare 
the title compound by adaptation of the method of Reesor and Wright, 137 
which involved the alkylation of the di-anion of hydrazobenzene. 
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A solution of azobenzene (5.46 g; 0.03 mole) in dry 1,2-dimethoxyethane 
(120 ml) was treated with finely divided sodium metal (2.72 g; 0.12 mole) 
and the resultant mixture was stirred at room temperature under dry nitrogen 
for 28 h. The salt, in the form of a red-brown suspension, was transferred 
to a second reaction vessel under vacuum and was cooled in an ice-salt bath, 
before adding dropwise a solution of 2-chloropent-3-ene in dimethoxyethane 
(15 ml). The temperature of the mixture was not allowed to rise above 5 °C 
during the addition process. The reaction mixture was maintained at this 
temperature for 30 mm (during which time the colour changed to blue) and 
was then warmed to ca. 20°C. After stirring at this temperature for ca. 
4 h, an orange-yellow colour had developed and a pale precipitate had 
separated; stirring, still under nitrogen, was continued for 9 days. 
The mixture was then concentrated under vacuum, and the residue was treated 
with ether (90 ml) and water (90 ml) 	the ether extract was washed with 
water, and the combined aqueous extracts were extracted further with ether. 
The combined ether extracts were dried and evaporated under vacuum at 25 °C, 
to give the crude reaction product as an orange-red gum (7.61 g) . By 
analogy with the examples quoted by Reesor and Wright, it was anticipated 
that the reaction product might be a mixture of azobenzene, 1-(pent-3-
en-2-yl) -1, 2-diphenyihydrazine, 1, 2-di (pent- 3-en--2-yl) -1, 2-diphenylhydrazine 
and hydrazobenzene. The mass spectrum. of the product showed peaks at 
nile 182, 184, 252, and 320 corresponding to the parent ions of these 
compounds. A peak of appreciable intensity was observed at nile 183 which 
could be attributed either to hydrazobenzene (P-l) or to the mono-alkylated 
product (P-69) . 	The peak intensities decreased in the sequence 182, 183, 
184, 252 and 320. 	A significant feature of the infra-red spectrum of 
the alkylation product was the presence of a strong N-H absorption at 
v 3290 cm-1
. 	The n.m.r. spectrum showed the signals of the pent-3-en-2-yl 
moiety, but the individual signals of the mono- and di-alkylated products 
could not be identified. The integration of the n.m.r. spectrum indicated 
that alkylation had taken place to a considerable extent (the integration 
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ratio of aromatic protons to methyl protons was 5:2.9). Comparison of 
the n.m.r. spectrum with that of the oxidation product of 1-(pent-3-en-2-yl)-
1-phenyihydrazine showed that the signals due to the aliphatic methine 
proton -CH(cH3 )CH=CHCH3 of the unidentified oxidation product appeared 
in very nearly the same region of the spectrum as did the signals of the 
corresponding proton in the alkylation products: the oxidation product 
spectrum showed a multiplet at tS 4.5-5.0 p.p.m., and the spectrum of the 
alkylation product showed a multiplet at 5 4.2-5.0 p.p.m. 
T.l.c. examination (silica gel/n-hexane) showed the presence of 
four components, one of which was shown to be azobenzene: the developed 
t.l.c. plate showed a spot at the origin and three overlapping spots (one 
of which was shown to be due to azobenzene) centred at Rf. 0.23. Examination 
of the product by h.p.l.c; 'Wolfson Liquid Chromatography Unit' silica, 
7t (125 aim x 5 mm); n-hexane; 270 p.s.i. J showed the presence of three 
components, one of which was shown to be azobenzene. Azobenzene had a 
retention time of 3.9 mm. and the other two components had retention times - 
of 10.4 mm. (A) and 12.0 min. (B). 
A mixture of the alkylation product mixture and the oxidation products 
of 1-(pent-3-en-2-yl)-1-phenylhydrazine was also examined by h.p.l.c. 
['Wolfson Liquid Chromatography Unit' silica, 7j (125 mm x 5 mm); n-hexane; 
400 	 The resultant chromatogram showed four significant peaks 
suggesting that both these product mixtures shared a common component. 
The appearance of the chromatogram suggested that the common component was 
(A), and that this was the major component of the oxidation product. 
Preparative h.p.l.c. to isolate each of the unidentified components 
(A) and (B) gave trace amounts of grey solid material which were examined 
by mass spectrometry. 	The mass spectrum of component (A) had m/e (inter alia) 
252, 184 and 183; of these, the peak at m/e 183 was the most intense. 
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The mass spectrum of component (B) was similar to that of (A) and showed 
the same significant peaks at m/e 252, 184 and 183, with the last-mentioned 
being by far the most intense. Neither of the mass spectra showed a peak 
at m/e 320, corresponding to the parent ion of the 1,2-di(pent-3-en-2-yl)- 
1, 2-diphenyihydrazine. 
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Attempted Preparation of N,N-Di-allylhydrazines and the Corresponding 
N, N' -Di-allyl Azo-Compounds. 
The proposed method of preparing the required hydrazines (57, see 
Discussion p. 99) was by direct amination of the corresponding secondary 
amine (prepared by alkylation of 3 -methyl-2-phenylbut_2-en_1_y].amjne) or 
by reduction of the N-nitroso derivative of the same amine. It was hoped 
to prepare the azo-compounds by a method based on the alkylation of 
80 
diethyl hydrazodicarboxylate. The synthesis of the necessary alkylating 
agents was first examined. 
A. Preparation of Alkylating Agents.- 
Preparation of c-(Chloromethy1)styrene.- The chloride was prepared by two 
different methods. 
(i) From Chioro-acetone. Phenylmagnesium bromide was prepared by the 
addition of a solution of bromobenzene (7.80 g; 0.05 mole) in ether 
(60 ml) to a stirred suspension of magnesium (1.20 g; 0.05 mole) in 
ether (10 ml). 	The mixture was refluxed for 25 mm., cooled on ice, and 
then treated with a solution of chioro-acetone (4.63 g; 0.05 mole) in 
ether (15 ml). 	The mixture was heated under reflux for 15 mm. before 
decomposing the intermediate by addition of a saturated aqueous ammonium 
chloride solution. The product was isolated as an orange liquid 
(8.23 g), the infra-red spectrum of which showed a strong absorption 
in the 0-U region (v 
max. 
 3450 cm 1 ) and also indicated the presence of 
residual chioro-acetone. 	The unpurified product (7.26 g) was stirred with 
warm 18 M sulphuric acid (20 ml) for 20 min,and after normal work up, a 
mobile dark-brown liquid was obtained; this was distilled to give a pale- 
pink liquid (1.58 g), b.p. 0.4 mm.Hg/54-56 0C. 	The n.m.r. spectrum 
(Cd 4 ) of this material showed signals in the olefinic region and the 
infra-red spectrum showed only a very weak absorption in the 0-H region, 
indicating successful dehydration. 	T.l.c. (alumina/n-pentane) showed 
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three spots, Rf. 0.00, 0.48 and 0.72. 	The components were separated 
by dry column chromatography (alumina with fluorescent indicator, 
50 cm x 1.3 cm/n-pentane) . The band at the origin gave a trace amount 
of liquid whose n.m.r. spectrum suggested was residual carbinol. Two 
bands (Rf. 0.52 and 0.75) were isolated and a clear,, colourless liquid 
was recovered from each (0.31 g and 0.32 g respectively).. The n.m.r. 
spectra of these latter fractions suggested that each was a single product. 
The spectrum of the former agreed exactly with the reported chemical shift 
data for -(chloromethyl)styrene.174 Similarly, the spectrum of the latter 
agreed with the data reported for -chloro-a-methylstyrene. 174 
(ii) From a-Methylstyrene. Chlorination of a-methylstyrene was achieved 
by the method of Reed.174 	A mixture of o-methylstyrene (56.63 g; 
0.48 mole), N-chlorosuccinimide (40.11 g, 0.30 mole) and carbon tetrachloride 
(30 ml) was heated under moderate ref lux for 2.5 h and the N-chlorosuccinimide 
eventually dissolved. The mixture was left to stand overnight, and the 
precipitated succinimide was removed by filtration and washed with petroleum-
ether (b.p. 40-60°C). 	The combined filtrate and washings were concentrated 
under vacuum to give a cloudy, brown liquid (60.58 g) which was shown by 
n.m.r. spectroscopy to be a mixture of ct-methylstyrene, c-(chloromethy1)- 
styrene and -chloro-ci-methylstyrene. 	Fractional distillation on a 
spinning band column (18 in), monitoring the composition of the distillate 
by n.m.r. spectroscopy, gave pure -chloro-ct-methylstyrene (9.84 g; 
0 ' 	 174 
b.p. 68 C/5.5 mmHg. lit. 	h.p. 76 C/4.0 mmHg) and pure ct-(chloromethyl)- 
styrene (11.03 g; b.p. 70-72 °C/5.5 mmHg; lit. b..p. 53 ° /0.65 mmHg). 
The n.m.r. spectrum of ct-(chloromethyl)styrene agreed with the reported 
data174 ..;6 (Cd 4 H 
	
) 4.35 (5, 2H, -CH 	5.38 (s, UI, olefinic), 5.46 
(s, lH, olefinic), 7.1-7.45 p.p.m. (m, 5H, aromatic). 
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Preparation of - (Bromomethyl)tStyrene. 
(i) Attempted Preparatior form c-Bromo--aCetophenone. The procedure was 
analogous to that used in the formation of ci.- (chioromethyl) styrene from 
chioro-acetone. Methylmagnesiuin iodide was prepared by the addition 
of a solution of iodomethane (1.42 g; 0.01 mole) in ether (10 ml) to 
a stirred suspension of magnesium (0.28 g; 0.01 mole) in dry ether 
(10 ml) 	The mixture was heated under reflux for 1 h and then cooled 
before the addition of ct-bromo-acetophenone (2.00 g; 0.01 mole) in 
ether (10 ml). Two attempts were made using different conditions: 
(a) Addition of c-bromo-acetophenone to the Grignard reagent at room 
temperature. a-Bromo-acetophenone was added in small portions and the 
mixture was refluxed for ca. 2h. 	Normal work-up (seep. 198), gave a: 
red-brown oil (1.74 g). 	The n.m.r. spectrum of this material showed a 
multiplicity of signals in the region tS 0.5-3.9 p.p.m. and a multiplet 
in the aromatic region 6 6.9-8.1 p.p.m. 	Significantly no signals were 
observed in the methylene region (Signals due to the expected carbinol 
were observed in the n.rn.r. spectrum of the reaction product of phenyl-
magnesium bromide with chioro-acetone.) . This suggested that neither 
residual ci-bromo-acetophenone nor the expected carbinol was present in 
the product. 	No signals were observed in the olefinic region. 
The infra-red spectrum showed an absorption in the 0-H region and in 
the carbonyl region; v 	3400 (s, broad), 1675 (s) cm- 1. 
b) Addition of cL-bromo-acetophenone to the Grignard reagent at -78 °C. 
The Grignard reagent was cooled in an acetone /CO 2 bath before adding 
the a-bromo-acetophenone solution. The reaction mixture was allowed 
to warm to room temperature overnight. The mixture, an orange slurry 
was divided into two portions; portion Ci) was worked up immediately 
and the other (ii) was heated under reflux for ca. 2 h before working up. 
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In each case, the product was a mixture of two immiscible liquids, one 
purple and one colourless (0.57 g, and 1.60 g respectively). 
Portion Ci): the infra-red spectrum showed an absorption in the 
0-H region and in the carbonyl region; v 	3400 Cs, broad) and 
1685 (s) cm-1
. 
	The n.m.r. spectrum (Cd 4 ) showed a greater number of 
signals than expected, and indicated that very little, if any,residuai 
-bromo-acetophenone was present. The signals observed at 4.24 (5) and 
5.38-5.5 (in) were subsequently shown to be due to ct-(bromomethyl)styrene 
(see p. 202). 	The rest of the spectrum had cS 0.7-1.85 (rn), 2.0-2.35 (m), 
2.5 (s), 3.18-4.0 (in), 4.82 (s), 6.7-8.1 p.p.m. (in). 	Comparison with the 
spectrum of the product from the reaction of chloro-acetone with phenyl-
magnesium bromide, suggested that the singlet at 6 1.65 p.p.m. (part of the 
multiplet at 6 0.7-1.85 p.p.m.) might be due to the methyl group of the 
analogous carbinol product. 
Portion (ii): the infra-red spectrum showed an absorption in the 0-H 
region and in the carbonyl region; 'max  3420 (s) and 1675 (s) cm
1 . 
The n.m.r. spectrum was more complex than expected and indicated that 
only very little, if any, cL-bromo-acetophenone was present. No signals 
were observed in the olefinic region although the spectrum did show some 
points of similarity to that of the product from W. The spectrum showed 
6 0.7-1.6 (m), 1.67 (s), 2.15 (s), 2.60 (s), 2.95 (s), 3.08 (s), 3.3-3.95 (m), 
4.34 (s), 6.5 (s), 6.8-8.1 p.p.m. (m). 	The observation of the singlet at 
6 1.67 p.p.m. suggested the possible presence of the expected carbinol 
product. 	The n.m.r. solution was shaken with deuterium oxide but no 
distinct 0-H proton assignment could be made; a new signal appeared at 
6 4.7 p.p.m. 
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(ii) From ct-Methylstyrene. Bromination of a:.-methylstyrene was achieved 
by the method of Reed. 174 A mixture of c-methy1styrene (92.17 g; 
0.78 mole), N-bromosuccinimide and (87.92 g; 0.49 mole) and carbon 
tetrachloride (50 ml) was heated in an oil bath at 160-170 0C. The 
oil bath was removed intermittently to moderate the vigorous foaming 
which occurred. Refluxing was continued until all the N-bromosuccinimide 
had dissolved (ca. 4 mm.) and the mixture was left to cool slowly over 
a period of 3 h. The filtrate was removed by suction filtration and 
the residue was washed with ether. The combined filtrate and washings 
were concentrated under vacuum and the residual ct-niethylstyrene was 
removed by distillation (b.p. 42
0- 
 C/0.4 mmHg), leaving an orange liquid 
(103.10 g). The n.m.r. spectrum of this liquid indicated the presence 
of the two expected isomeric bromides; the presence of a small amount 
of c-methylstyrene and another impurity, possibly derived from the 
brominating agent, was also indicated. The product was diluted 
with petroleum-ether (600 ml; b.p. 40-60 0C) and a small amount of a 
:white solid separated. The infra-red spectrum of the solid indicated 
it to be succinimide. 
An attempt was made to distil the product on a spinning band column; 
the last traces of c-methylstyrene were removed, but because of an 
electrical fault, the distillation could not be continued. The residue 
was distilled in the normal way to give a clear, colourless liquid (55.00 g; 
b.p. 68-80°C/0.4 mmHg). 	The n.m.r. spectrum of this material indicated 
that it was a mixture of a- (bromomethyl)styrene (76%) and -bromo-c-methyl-
styrene (24%); a small amount of succinimide was also shown to be present. 
c-(Bromomethyl)styrene had 5 (Cd 4 ) 4.26 (s, -CH 2-Br),5.36 (s, 1H, olefinic), 
5.52 (s, 1H, olefinic), 7.1-7.7 p.p.m. (m, aromatic). 	No attempt was 
made to purify the a-(bromomethyl)styrene further; it was used directly. 
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Attempted Preparation of cL-Bromomethy1--, -Dimethy1styrene. The method 
was based on the successful preparation of c&-(chloromethyl)styrene by the 
action of phenylniagnesium bromide on chloro-acetone. 
The Grignard reagent was prepared by the addition of a solution of 
2-bromopropane (2.46 g; 0.02 mole) in ether (5 ml) to a stirred suspension 
of magnesium (0.50 g; 0.02 mole) in ether (15 ml). 	The mixture was heated 
under ref lux for ca. 1 h before adding a solution of a-bromo-acetophenone 
(4.00 g; 0.02 mole) in ether (20 ml) over a period of ca. 30 mm. 	The 
reaction was performed at two different temperatures: 
At room temperature: vigorous boiling accompanied each addition and 
a two-phase mixture of a brown oil and a bright yellow solution, was formed. 
The mixture was heated under ref lux for 6 h, left to stand overnight, and 
was then worked up (see p.  198). Ether extraction followed by removal 
of solvent gave a cloudy, viscous, orange liquid (3.46 g). 	The infra- 
red spectrum of this liquid showed a strong absorption in the 0-H region and 
in the carbonyl region (v 	3450 and 1685 cm 1 ). 	Its n.m.r. spectrum 
(Cd 4 ) showed a multiplicity of signals and indicated that little, if any, 
a-bromo-acetophenone was present; S 0.5-1.8 (rn), 2.46 •(s), 3.0-4.0 (rn), 
4.25 (s), 5.06 (s), 6.0 (s) , 6.36 (s) , 6.7-8.1 p.p.m. (m) 
At -78°C; the Grignard reagent (0.01 mole) was cooled in an acetone/ 
CO  bath before adding the ct-bromo-acetophenone solution (0.01 mole). 
A yellow precipitate appeared to form and a further portion of ether 
(10 ml) was added to keep the system homogeneous. The mixture was 
allowed to warm slowly to room temperature. The reaction mixture, 
consisting of a brown gum and a cloudy yellow solution, was divided 
into two portions; portion (i) was worked up immediately, and portion 
(ii) was heated under ref lux for ca. 2 h before working up. 	In each 
case, a red-brown oil was obtained (0.88 g and 0.90 g respectively). 
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Portion Ci): the infra-red spectrum was similar to that of the 
product from (a) and showed a strong absorption in the 0-H region and 
in the carbonyl region (v 	3450 and 1685 cm 1). The n.m.r. spectrum 
had (S 0.6-1.5 (rn), 2.5 (s), 2.62-2.82 (m), 3.2-4.1 (m), 4.28 Cs), 5.1 (s), 
6.02.(s), 7.0-8.1 p.p.m. (m). 	The ratio of the integrations of the singlets 
((S 2.5 and 4.28 p.p.m.) and the aromatic multiplet (6 7.0-8.1 p.p.m.) was 
1:5:26.. The solution was shaken with deuterium oxide; the singlet at 
'5 5.1 p.p.m. disappeared, and a new signal was observed aCt(S 4.6 p.p.m. 
Portion (ii): the infra-red spectrum was virtually identical to that 
of the products from (a) and (i) and showed a strong absorption in the 0-U 
and in the carbonyl region C'.' 	3450 and 1690 cm 1 ). 	The n.m.r. spectrum 
broadly resembled that of the product from (i) and had 6 0.6-1.5 (m), 
1.9 (s), 2.0 (s), 2.48 (s), 2.65-3.9 (m), 4.25 (s), 4.6-5.1 (m), 6.38 (s), 
6.8-8.1 p.p.rn. (m). 	The ratio of the integrations of the singlets 
(6 2.48 and 4.25 p.p.m.)and the aromatic multiplet (6 7.0-8.1 p.p.m.) 
was 1:2.75:17.5. 	T.l.c. (alumina/petroleum-ether, b.p. 40-60°C) showed 
the presence of at least four components. 
Attempted Preparation of c- (2-Chloroprop-2-yl)styrene. 	The preparation 
was attempted by the chlorination of cL-prop-2-ylstyrene. 
(i) Preparation of a-Prop-2-ylstyrene. 	Two methods were used, both 
based on the procedure of Klages. 175 
Method (a): methylmagnesium iodide was prepared by the addition of 
a solution of iodomethane (6.42 g; 0.045 mole) in ether (15 ml) to a 
stirred suspension of magnesium (1.08 g; 0.045 mole); the reaction 
mixture was then heated under reflux for 1 h. A solution of isobutyro-
phenone (4.45 g; 0.03 mole) in ether (15 ml) was added dropwise to 
the Grignard reagent at 0°C. The mixture was allowed to warm to room 
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temperature during ca. 2 h, with continued stirring. Isolation of the 
product in the usual way (see p. 198) gave a bright yellow liquid (4.23 g; 
86%). The infra-red spectrum of the product showed a strong 0-H 
absorption, with no absorption in the carbonyl region. 
A stream of dry hydrogen - chloride was passed through the neat carbinol 
at 00C for ca. 5 min and a mixture of two immiscible liquids formed. 
The mixture was extracted with ether and the extract was washed with 
aqueous sodium bicarbonate solution before concentrating to give the 
desired chloride as a bright-yellow liquid (4.45 g; 94%). 	The n.m.r. 
spectrum (Cd 4 ) suggested that the material was pure and the infra-red 
spectrum showed no residual absorption in the 0-H region. 
A solution of the chloride (4.45 g; 0.024 mole) In dry pyridine 
(9.60 g; 0.120 mole) was heated under reflux, with stirring, for ca. 
4 h. 	The reaction mixture was cooled, and the white precipitate was 
removed by filtration. The filtrate was dissolved in ether and 
successively washed with 2 N hydrochloric acid (3 x 50 ml) and water 
(50 ml). 	The product was isolated as a mobile, pale-brown liquid 
(3.38 g). 	The n.m.r. spectrum (Cd 4 ) of the product was consistent 
with that expected for cL-prop-2-ylstyrene, but it did show four seemingly 
spurious signals ('5 1.4-202 p.p.m.). 	6 1.0-1.25 (d, J=8Hz, GE 
methyls), 2.5-3.1 (m, 1H, -CH(CH3 ) 2 ), 4.88-5.12 (m, 2H, olefinic), 
7.0-7.34 p.p.m. (m, 5H, aromatic); v 
max. 
 (film) 3050 (m), 2950 (s), 
2860 (m) , 1635 (m), 1605 (w) , 1585 (w) , 1505 (m), 1475 (m) , 1455 (m), 
1390 (m) , 1370 (w) , 1290 (w) , 1265 (w) , 1160 (w), 1095 (m), 1070 (w), 
1030 (m) , 900 (s), 780 (s) , 765 (m), 725 (m), 695 (s) cm- 1 
In order to examine the possibility that the unassigned signals 
in the n.m.r. spectrum might be due to a,-trimethylstyrene, the 
solution was shaken with a small amount of aluminium trichloride. No 
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enhancement of these signals was observed; several signals did however 
appear in the region (S 0.55-1.45 p.p.m. 	The c&-prop-2-ylstyrene was 
used without further purification. 
Method (b): prop- 2-yl magnesium bromide was prepared by the addition 
of a solution of 2-bromopropane (46.16 g; 0.37 mole) in ether (40 ml) 
to a stirred suspension of magnesium (9.01 g; 0.37 mole) in ether 
(50 ml) ; the reaction mixture was then heated under ref lux for 1.5 h. 
A solution of acetophenone (30.00 g; 0.25 mole) in dry ether (30 ml) 
was added dropwise to the Grignard reagent at 0°C, and the mixture was 
refluxed with stirring for ca. 2 h. Normal work up gave a pale, yellow-
green liquid (36.21 g). 
The procedure outlined in (a) above was then followed and the final 
product was isolated as a pale-brown liquid (34.52 g). The infra-red 
and n.m.r. spectra of this material indicated that the product was a 
mixture of the carbinol with a small quantity of residual acetophenone. 
The acetophenone was removed by chemical means rather than by distillation 
(acetophenone b.p. 202°C; ct-prop-2-ylstyrene b.p. 192
0
C/753 mmHg). 
A solution of 2,4-dinitrophenyihydrazine (4.00 g) in ethanol (100 ml) 
containing concentrated sulphuric acid (5 ml) was added to the crude 
o-prop-2-ylstyrene with stirring; the red precipitate was removed by 
filtration and the red filtrate was washed with water before extracting 
with ether. The extract was concentrated to give a red liquid. 
Dry column chromatography [ alumina (type H), 62 cm x 3.8 cm/petroleum 
ether (b.p. 30-40°C). J with complete extraction of all but the red band 
at the origin gave a mobile pale-yellow liquid (13.50 g). 	The infra-red 
and n.m.r. spectra of this material were identical to that of the final 
product from method (a). 
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Gas chromatography of the pale-yellow liquid (15% PEGA; 170°C) 
showed the presence of four components, three of which were present 
in only very small amounts. 
(ii) Chlorination of a-Prop-2-y1styrene. 
a) Using N-Chlorosuccinimide. The procedure used parallelled that of 
Reed.174 	A mixture of c-isopropylstyrene (3.38 g; 0.023 mole), 
N-chlorosuccinimide (1.94 g; 0.014 mole) and carbon tetrachloride 
(1.5 ml) was heated in an oil bath at 1500C. The mixture began to 
foam and some of the N-chlorosuccinimide became lodged in the condenser. 
The oil bath temperature was raised to 205-210°C, and the resulting 
solution was heated under reflux for ca. 1 h. Examination of the product 
by n.m.r. spectroscopy (Cd 4) suggested that chlorination was not complete. 
A further portion of N-chlorosuccinimide (1.00 g) was added to the reaction 
mixture and refluxing was resumed for ca. 1.5 h. After cooling overnight, 
the mixture was filtered to remove the white solid which separated, and the 
residue was washed with petroleum-ether (b.p. 40-60 °C). The combined 
filtrate and washings were concentrated to give a mobile brown liquid 
(3.64 g). 	The n.m.r. spectrum (CC1 4 ) of this liquid indicated that the 
product was a complex mixture. 	In addition to the signals attributable 
to excess ct-prop-2-ylstyrene, the spectrum showed a multiplicity of 
signals in the methyl region, a multiplet characteristic of -CH(CH 3 ) 2 , 
five signals in the range 6 3.6-4.3 p.p.m., and four signals in the 
range 6 5.7-6.4 p.p.m. Gas chromatography (10% 'Apiezon L'; 150 °C) 
showed the presence of 5 components, present in the ratio of ca. 
18:1:38:2:9 (in order of elution). 
Fractional distillation under reduced pressure (2.5 mmHg) gave four 
fractions: (i) b.p. 50-60°C, (ii) b.p.68-700C, (iii) b.p. 75-760C and 
(iv) b.p. 100-1060C. 	The n.m.r. spectra of these fractions, suggested 
that none consisted of a single component. 	The n.m.r. spectra of 
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fractions (i), (ii) and (iii) showed all the signals of the spectrum of 
the crude material, except those in the range S 3.6-4.3 p.p.m. The 
spectrum of fraction (iv) showed all the signals of the crude product 
spectrum but those attributed to residual a-prop- 2-yl styrene were weak. 
Examination of the fractions Ci) - (iv) by gas chromatography (10% 
'Apiezon L'; 150°C) indicated that each was a similar mixture of products. 
Examination of fraction (iii) (15% PEGA; 170°C) which appeared by n.m.r. 
spectroscopy to be the least complex mixture of products, showed five 
components, one of which was identified as a-prop-2-ylstyrene. The 
other components were present in the ratio of ca. 1:5.7:8.5:1.6 in order 
of elution. 
b) Using t-butyl.hypochlorite. The chlorinating agent was prepared - by the 
method of Mintz and Walling 106 and was used immediately. A mixture of 
ct-prop-2-ylstyrene (2.93 g; 0.02 mole) and t-butyl hypochiorite (0.23 g; 
0.002 mole) in a firmly sealed test tube was heated at 80 °C for 4.5 h. 
The yellow liquid was diluted with ether and washed with water. Concen-
tration of the organic phase under vacuum gave a mobile yellow liquid 
(2.86 g) whose n.m.r. spectrum (CC1 4 ) was virtually identical to that 
of a-prop-2-ylstyrene. None of the signals shown by the product from 
(a) were observed. 
(B) Attempted Alkylations. ct-(Bromomethyl)styrene and c-(ch1oromethy1) 
styrene were used as model compounds. 
(i) Attempted Alkylation of Phthalimide with a-(Bromomethyl)styrene. 
The procedure was based on the method used by Inge and Manske 176 
to prepare N-benzylphthalimide, an intermediate in the preparation of 
benzylamine. An intimate mixture of powdered phthalimide (5.23 g; 
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0.033 mole) and powdered potassium carbonate (2.61 g; 0.019 mole) was 
treated with crude c-bromomethylstyrene (10.02 g; 0.05 mole; see 
p. 202) and the resulting mixture was heated in an oil bath at 180-200 °c 
for ca. 3.5 h. The mixture was cooled to give a tacky brown solid, a 
white solid in the condenser, and a yellow solid on the walls of the 
reaction vessel. The white solid was shown to be phthalimide by infra-
red spectroscopy. The contents of the reaction vessel were washed with 
n-pentane to remove the residual bromide and the residue was recovered by 
filtration as a tacky, brown solid. This solid was dissolved in chloro-
form and washed with water. Concentration of the chloroform extract 
gave a tacky brown solid; the washings were neutral or slightly basic to 
universal indicator. 
The infra-red spectrum of the solid material showed an absorption 
in the 0-H region and in the carbonyl region [ v 	3045 and 1740 (v.broad) 
max. 
cm1 ], and showed many points of similarity with the infra-red spectrum of 
phthaiimide. 	Its n.m.r. spectrum showed a large multiplet in the region 
S 6.8-8.0 p.p.m and several much weaker signals at lower frequencies. 
The ratio of the integration of the aromatic signals to the combined 
integrations of all other signals was ca. 3.5:1. 	The n-pentane washings 
of the crude product were concentrated to give a red-brown oil, whose 
n.m.r. spectrum showed only weak signals attributable to residual crude 
c&-bromomethyls tyrene. 
The reaction product was not examined further. 
ii) Attempted Alkylation of t-Butyl Carbazate with ci-(Chlorornethyl)styrene 
and with a-(Broniomethyl)styrene. 	Although this method was not applicable 
to the synthesis of the desired mixed l,1-disu.bstituted hydrazines 
(57 , see Discussion p. 99 ), it was of interest in that it could provide 
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information about the stability and other characteristics of these hydrazines. 
Furthermore, it was hoped that the hydrazines obtained in this way would 
undergo oxidative rearrangement to the corresponding azo-compounds, and so 
provide information about unsymmetrical di-allyl azo-compounds (58 and 
59 , see Discussion p. 99 
a) With a-(Chloromethyl)Styrene. The procedure used parallelled that of 
Carpino et al. 41 	Preliminary examination of this reaction had suggested 
that a mixture of products was formed. The experiment was repeated, the 
course of the alkylation being monitored by n.m.r. spectroscopy. A solution 
of t-butyl carbazate (1.32 g; 0.01 mole) and c-(chlorotnethyl)styrene 
(3.07 g; 0.02 mole) in dry dime thylformami de (15 ml) was heated in an oil 
bath at 50-56 0C and triethylamine (2.03 g; 0.02 mole) was added dropwise, 
with stirring, over a period of ca. 15 rain. The solution was heated to 
70°C for ca. 72 h, and a white precipitate separated. [ The n.m.r. spectrum 
(Cd 4 ) of the reaction mixture after heating at 70°C for 24 h was compared 
to that of the reaction mixture immediately after the addition of triethyl-
amine: the singlet of the t-butyl group (6 1.42 p.p.m.) had been replaced 
by a multiplet (6 1.15-1.55 p.p.m.) and the signals due to the olefinic 
and methylene protons of the chloride had been lost. At high spectrum 
amplitude, the spectrum of the mixture after heating showed five signals 
in the range 6 4.75-6.2 p.p.m.] 
The mixture was filtered to remove the precipitated triethylamine 
hydrochloride and the residue was washed with methylene chloride. 
The combined filtrate and washings were washed with water and the product 
was isolated as a viscous, red-brown liquid (3.12 g). 	The n.m.r. spectrum 
(Cd 4 ) of the product indicated the presence of residual dimethylformamide 
and that all the chloride had been consumed. It showed a multiplet at 
6 0.9-1.8 p.p.m., a broad singlet at 6 3.6-4.2 p.p.m., a pair of signals 
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in the range 6 5.15-5.5 p.p.ni. and a multiplet at 6 6.9-7.7 p.p.m. 
The spectrum (100 MHz, Cd 4 1 was also recorded at 750C; the low frequency 
niultiplet showed improved resolution and several peaks were identifiable 
within the multiplet (6 1.1-1.5 p.p.m.). 	In place of the broad singlet 
(6 3.6-4.2 p.p.m.), a sharp singlet was observed (6 3.9 p.p.m.). 	A weak 
new signal was observed at 6 5.65 p.p.m. (broad, s). 	However, the spec- 
trum integration was incompatible with that of the expected product. 
The solution was shaken with deuterium oxide but the spectrum remained 
unchanged. The reaction product was examined by t.1.c. (alumina/benzene) 
and the presence of at least four components was indicated. Distillation 
using a cup still under reduced pressure effected removal of residual 
dimethylformamide but the distillate and the residue were shown to be 
identical by n.m.r. spectroscopy. The residue formed a yellow glass on 
standing. 	Treatment of a solution of the alkylation product in nitro- 
methane with a stream of hydrogen chloride gas (the procedure for removal 
of the protecting group) did not give the expected precipitate of the 
hydrazine hydrochloride. The solution was extracted with water and 
the extract was treated with an excess of aqueous sodium carbonate 
solution. 	Isolation of the product with ether gave a red-brown oil 
whose n.m.r. spectrum indicated the presence of residual nitromethane, 
and had 6 1.1-1.7 (m), 2.7 (s), 3.38 (s), 3.46 (s), 3.55-3.9 (m), 
5.0-5.2 (m), 5.3-5.42 (m) and 6.8-7.5 p.p.m. (m). 	The residual nitro- 
methane was removed with heating under vacuum to give a red-brown oil 
whose n.m.r. spectrum, though very poorly resolved, was significantly 
different to that of the material prior to removal of the nitromethane. 
The spectrum of the nitromethane-free material was recorded at 70 °C, 
but no change in resolution or appearance was observed. The infra-red 
spectrum of the product prior to removal of.nitromethane showed an 
absorption in the N-H region (v max. 3250 cm 1 , broad) and weak 
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absorptions in the carbonyl region Cv 	1680 and 1635 cm-1 . 
(b) With ci-(Bromomethyl)styrene. 	The alkylation was attempted under 
similar conditions using crude c- (bromomethyl) styrene (see p. 202), and 
the product obtained was similar to that of the reaction with c-(ch1oromethy1)-
styrene (a). Removal of the protecting group as described gave a brown oil 
whose infra-red and n.m.r. spectra were virtually identical to those of the 
analogous product from (a). 
{ Under similar conditions, t-butyl carbazate was successfully alkylated 
using allyl bromide. The alkylation mixture was heated overnight at ca.. 
° 80C; the heavy precipitate was removed by filtration and the product was 
isolated (as described in the case of alkylation with a - (chloromethyl)styrene) 
as an orange gum. Trituration with water gave a pale yellow solid from 
which pure t-butyl 2 1 2-di-allylcarbazate was obtained, in 32% yield, by 
vacuum sublimation. 	Removal of the protecting group (see p.122 ) gave the 
hydrazine hydrochloride as a brown oil; the free hydrazine was obtained 
as an orange-yellow liquid.] 
(iii) Attempted Alkylation of Diethyl Hydrazodicarboxylate. The procedure 
was based on the method of Al-Sader and Crawford 80 who reported the alkylation 
of diethyl hydrazodicarboxylate with allyl benzenesulphonate. 
(a) Preparation of Diethyl Hydrazodicarboxylate. The compound was prepared 
by the method of Rabjohn.177 	A stirred solution of 99-100% hydrazine 
hydrate (25.02 g; 0.5 mole) in ethanol (250 ml), cooled to 100C, was 
treated dropwise with a solution of ethyl chioroformate (152.51 g; 
1 mole), keeping the temperature between 15 and 20 °C. When half of 
the solution had been added, a solution of sodium carbonate (53.00 g; 
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0.5 mole) in water (250 ml) was added dropwise simultaneously with the 
remaining ethyl chioroformate. Addition of the base was adjusted to 
enable the addition of ethyl chioroforniate to be completed just before 
the addition of the base was completed, and to maintain the temperature 
below 20°C. The mixture was stirred for 30 mm. and the heavy white 
precipitate of diethyl hydrazodicarboxylate was collected by suction 
filtration, washed with water (400 ml) and dried in an oven at 80 °C for 
ca. 4 h.(74.40 g; 84%); m.p. 132-133 °C, iit 7 131-133
0 
 CA 1.25-1.52 
Ct, 6H,'23' 4.1-4.55 (g, 4H, -CH 2-CH3 ), 6.68 p.p.m. (broad s, 2H, 
-NH-NH-); 
vmax.  (nujol), 3220 (broad, s), 3025 (s), 1730 (broad, s), 1675 
(broad, s), 1520 (broad, s), 1470 (m), 1440 (broad, s), 1380 (w), 1360 (rn), 
1250 (broad, s), 1108 (m), 1090 (w), 1080 (m), 1070 (s), 1015 (w) ,1000 (w), 
895 (m), 795 (m), 780 (m), 755 (rn), 655 (broad, s) cm -1 . 
(b) Attempted Preparation of Diethyl N,N'-Di(2-PhenyIprop-2-en-1-yl)-
bicarbamate. The procedure used was analogous to that of Al-Sader and 
80 
Crawford. 
A well-stirred slurry of sodium hydride (0.51 g; 0.02 mole; 
see p.130 ) in dry 1,2-dimethoxyethane (20 ml), under nitrogen, was 
treated with diethyl hydrazodicarboxylate (1.76 g; 0.01 mole) added 
in small portions. A vigorous reaction accompanied each addition, and 
the mixture was stirred for an additional 3 h. The mixture was cooled 
to 100C and a solution c-(chloromethyl)styrene (3.07 g; 0.02 mole) in 
1,2-dimethoxyethane (15 ml) was added dropwise with stirring. 
Three attempts were made to perform the alkylation; the procedure 
described was common to all three but the reaction conditions differed 
in each case. 
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(i) The mixture was stirred overnight under nitrogen to give a colourless 
liquid and a white precipitate. Water (30 ml) was added, but the preci-
pitate did not dissolve. This mixture was extracted with benzene to give 
a pale yellow solution, which was concentrated to give a cloudy, pale-
yellow liquid (4.06 g) which smelled strongly of c-(chloroniethyl)styrene. 
The product was diluted with petroleum ether (b•.p. 40-60°C) and a white 
solid was precipitated. The solid was collected by suction filtration 
and was shown by n.m.r. spectroscopy to be diethyl hydrazodicarboxyl ate. 
The filtrate was concentrated to give a yellow liquid whose n.m.r. spectrum 
indicated that it was a mixture of c-(chloromethyl)styrene and a small 
amount of material derived from diethyl hydrazodicarboxylate. 
(ii) The mixture was heated under ref lux overnight to give a pale 
yellow liquid and an off-white precipitate. 	Isolation of the product 
as in (i), gave a cloudy, yellow liquid (4.06 g) which was shown to be 
of similar composition to the product from (i). 	The n.m.r. spectrum 
(Cd 4 ) showed two overlapping triplets (5 0.8-1.5 p.p.m.) suggesting 
that alkylation might have occurred to a small extent. 
- 	(iii) The mixture was heated under reflux for ca. 65 h and isolation 
of the product as in (i) gave a yellow oil (3.91 g). 	Though poorly 
resolved, the n.m.r. spectrum (Cd 4 ) of this oil showed signals attributable 
to the 2-phenylprop-2-yl moiety and complex signals (possibly two over-
lapping sets of signals) attributable to the ethoxycarbonyl moiety. 
Diethylhydrazodicarboxylate was shown to be virtually insoluble in carbon 
tetrachloride, suggesting that the ethyl group 	signals observed in the 
n.m.r. spectrum were not due to unreacted diethyl hydrazodicarboxyLate. 
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The yellow oil was extracted with 2 M hydrochloric acid and the product 
recovered from the extract after basification with aqueous sodium 
carbonate solution (100% recovery) was shown by n.m.r. spectroscopy to 
be identical to the alkylation product. This showed that all the 
a- (chioromethyl) styrene had reacted. 
The product was subjected to the hydrolysis and decarboxylation 
procedure, the reagent quantities being calculated on the basis of 
the product being pure diethyl N,N'-di-(2-phenylprop-2-en-1-yl)bicarbamate. 
A solution of the oil (3.91 g; 0.00958 mole) and potassium hydroxide 
(2.15 g) in methanol (10 ml) and water (2.5 ml) was heated under reflux 
under nitrogen for ca. 3 h. The reaction mixture was cooled, washed 
with water (2 x 50 ml) and extracted with ether. 	The product was 
recovered as a yellow-brown oil (2.44 g). The infra-red spectrum of 
this material showed a strong absorption in the carbonyl region; the 
hydrolysis/decarboxylation procedure was repeated three times until, 
after a total of 33.5 h of heating under reflux, the infra-red spectrum 
of the product, a viscous dark brown liquid, showed only a weak carbonyl 
absorption (v 
sax. 
 1715 cm 1 ). 	Distillation of this material gave a 
mobile yellow liquid (0.13 g); b.p. 40-42°C/0.2 mmHg. 	Comparison of 
the n.m.r. spectra (Cd 4 ) of the distillate and of the undistilled 
material, showed that no major change had occurred during the distillation. 
The n.m.r. spectrum (Cd 4 ) of the distillate showed the signals attributable 
to the 2-phenylprop-2-yl moiety, a singlet at 5 3.28 p.p.m., and a weak 
multiplet at 6 2.18 p.p.m. [ 6 3.28 (s), 4.18 (s), 5.18-5.46 (m, olefinic), 
7.06-7.48 p.p.rn. (m); integration ratio 19:11:12:36 ]. 	The solution 
was shaken with deuterium oxide, but no change was observed in the spectrum. 
The infra-red spectrum showed a weak absorption in the carbonyl region 
(V 	1630 cm 1 ) but no absorption in the N-H region. Although this 
evidence did not suggest that the desired hydrazine had been prepared, the 
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reaction of the material with yellow mercuric oxide was examined. 
A mixture of the distillate (0.13 g), yellow mercuric oxide (0.48 g) 
and anhydrous sodium sulphate (0.46 g) in ether (10 ml) at 0 °C was 
stirred overnight. The product, recovered in the usual way (see p. 147), 
was shown by n.m.r. spectroscopy to be identical to the unoxidised 
material. The mass spectrum of this material had m/e (inter alia) 
198 (v.weak), 196 (v.weak), 154, 152, 148, 147, 133, 118, 117, 103. 
A Lassaigne test indicated that the material did not contain nitrogen. 
Alkylation of Diethyl Hydrazodicarboxylate with Allyl Chloride. 
The aim was to examine the alkylation of diethyl hydrazodicarboxy late 
with allyl chloride, in an attempt to resolve the apparently anomalous 
course of the attempted alkylation with c-(chloromethyl)styrene. 
The procedure parallelled that described for the attempted alkylations 
with c- (chloromethyl)styrene (see p. 210). 	The stirred alkylation 
mixture (0.03 mole scale) was heated under ref lux overnight and the 
product was isolated as a yellow paste. Treatment of this paste with 
petroleum-ether (b.p. 40-60°C) gave a precipitate of diethyl hydrazo-
dicarboxylate (1.21 g; 23% of the amount used) and a yellow solution 
from which a yellow liquid (2.59 g) has obtained upon evaporation of the 
solvent. 	Distillation of this liquid gave a pale-yellow liquid (1.40 g); 
b.p. 80-83 °C/0.2 mmHg. The n.m.r. spectrum of the distillate indicated 
that it was a mixture of mono-alkylated and di-alkylated material in the 
ratio of ca. 2:3. The mass spectrum had m/e (inter alia) 256, 216, 211, 
128 (B) 
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Preparation of Authentic Diethyl N,N'-Di-allylbicarbamate. 
This was achieved by the method of Al-Sader and Crawford, 
80
allyl 
benzenesulphonate being prepared according to the procedure of Bergstrom 
and Siegel. 178 	Distillation of the crude product gave the pure 
bicarbamate as a clear, colourless liquid (10.91; 85%), b.p. 88°C! 
0.4 mrnHg, lit. 80 	b.p. 92-93°C/0.5 mmEg; 5 1.1-1.4 Ct, 611, -CH 2-CH 3 ), 
3.9-4.4 (in, 8H, -CH 2 -CH 3 and -CH 2 -CH=CH 2 ), 4.95-5.38 (m, 411,-CH 2-CH=CH2 ), 
5.55-6.3 p.p.m. (in, 211, -C112-CH=C112 ). 
Attempted Hydrolysis and Decarboxylation of Diethyl N,N'-Di-allyl-
bicarbamate. The procedure of Al-Sader and Crawfor0 	was used: 
a solution of the authentic carbamate (10.91 g; 0.042 mole) and 
potassium hydroxide (9.63 g; 0.17 mole) in methanol (40 ml) and water 
(10 ml) was heated under ref lux under nitrogen for 3 h. The mixture was 
left to stand under nitrogen for 40 h, was filtered to remove the white 
precipitate, and the filtrate was extracted with ether. The extract 
was concentrated at room temperature under reduced pressure and the 
product was distilled under vacuum to give a clear, colourless liquid 
(0.43 g), b..p. 65-67 °C/30 mmHg. 	The n.m.r. spectrum of this material 
showed a multiplicity of signals in the methyl region and could not 
be reconciled with that expected for the desired 1, 2-di-allylhydrazine. 
The product of alkylation of diethyl hydrazodicarboxylate with allyl 
chloride (see p.216 ) was subjected to the same hydrolysis/decarboxylation 
process; the product, a yellow-brown liquid, was distilled under reduced 
pressure to give a colourless liquid, b.p. 80-90 °C/32 mmHg. 	The n.m.r. 
spectrum showed that hydrolysis was not complete; the mass spectrum had 
(inter alia) 256 (v.weak), 230 (v.weak), 202 (v.weak), 184, 170, 143, 
128, 129, 110, 83.1 
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Oxidation of 1-Alkyl--l-Phenylhydrazines: Attempts to Tap the Diazene 
Intermediate. 
Two methods of trapping the diazene were examined. These were 
(a) by lead tetra-acetate oxidation of the hydrazines in dimethyl 
suiphoxide or dixnethyl sulphide, the adduct being a suiphoximide or a 
sulphilimide respectively, and (b) by cupric chloride oxidation of the 
hydrazines in acid solution, the product being a copper complex with 
co-ordination to the diazene. 	Although both methods are reversible 
with respect to the regeneration of the diazene the former method is 
preferable in that the diazerie can be generated under milder and more 
versatile conditions. 
Attempted Preparation of Suiphoximides.- The procedure followed was 
that of Anderson et al. 3.3 Lead tetra-acetate was prepared as described 
(see P. 146) and dimethyl suiphoxide was dried by standing over activated 
molecular sieve. 	Lead tetra-acetate was added in small portions over 
a period of several minutes to a stirred solution of the hydrazine in 
dimethyl sulphoxide and the mixture was stirred for ca. 10 min under 
nitrogen with exclusion of light. The mixture was poured into water 
to remove the residual dimethyl suiphoxide and the product was isolated 
- 	by repeated extraction of this mixture with chloroform. 
Attempted Preparation of N-(N'-Allylanilino)S ,S-Dimethylsulphoximide. 
Lead tetra-acetate (3.07 g; 7 mmole) was added to a solution of 
l-allyl-1-phenylhydrazine (0.88 g; 6 mniole) in dimethyl suiphoxide 
(30 ml) and the product was isolated as an orange-brown liquid (3.69 g). 
The n.m.r. spectrum of this material indicated the presence of residual 
dimethyl suiphoxide. Comparison of the spectrum with that of an 
authentic sample of 1-phenylazoprop-2-ene indicated that the 
oxidation had followed its normal course and that the diazene had not 
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been trapped. Dry column chromatography (silica gel, 22 in x 1.5 mi 
benzene) gave four bands, all of which were examined. The n.m.r. spectra 
of the fractions recovered from the column did not show the low-frequency 
methyl signals expected of the suiphoximide adduct. The only identi-
fiable product was 1-phenylazoprop-2-ene. 
Attempted Preparation of N- (N' -Benzylanulino)S ,s-Dimethylsulphoximide .-
Lead tetra-acetate (2.92 g; 6.5 mmole) was added to a solution of 
1-benzyl-l-phenylhydrazine (1.18 g; 6 mmole) in dimethyl suiphoxide 
(30 ml). The product was isolated as a brown gum with a strong odour 
of benzaldehyde. The n.m.r. spectrum of this gum indicated the presence 
of residual dimethyl sulphoxide, and a singlet, attributed to benzalde-
hyde, was observed at 6 9.9.p.p.m. 	The remainder of the spectrum was 
consistent with the formation of 1,4-dibenzyl-1,4-diphenyltetraz-2-ene 
and no signals attributable to the sulphoximide were observed. 
Trituration of the gum with n-pentane gave a pale brown solid (0.57 g) 
which was recyrstallised from ethanol and shown to be the tetrazene by 
its m.p. (145°C) and n.m.r. spectrum. 
The attempted preparation of the suiphoximide was repeated with 
the modification of inverse addition as described by Anderson et a 
23 
Furthermore, in an attempt to inhibit tetrazene formation, conditions of 
high dilution were used. 
A solution of the hydrazine (1.99 g; 10 mmole) in dry methylene 
chloride (5 ml; see p. 146) was added over a period of 50 min, to a 
stirred mixture of lead tetra-acetate (4.91 g; 11 mmole) and 
dimethyl suiphoxide (0.78 g; 10 mmole) in dry methylene chloride 
(100 ml) at 0°C. The mixture was stirred for a further 20 min before 
removing the inorganic residue. The filtrate was diluted with chloro-
form and was washed with water. The chloroform solution was concentrated 
under vacuum with gentle warming (< 40 0C) to give an orange-brown oil which 
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solidified on standing (1.85 g). 	The n.m.r. spectrum (Cd 4 ) of this 
material was virtually identical to that of the crude product of the 
first attempt to prepare the suiphoximide, although weak signals were 
also observed at cS 1.7, 1.76, 1.95 and 2.00 p.p.m. 	Thus it appeared 
that the suiphoximide was formed to only a small extent, if at all. 
Attempted Preparation of Sulphilimides.- The experimental method 
parallelled that used in the attempts to prepare the suiphoximides. 
Attempted Preparation of N- (N t -Allylanilino)S ,S-Dimethylsulphilimide . - 
Lead tetra-acetate (1.48 g; 3.3 mmole) was added in small portions to 
a stirred mixture of 1-allyl-l-phenylhydrazine (0.49 g; 3.3 mmole) 
and dimethylsuiphide (6.5 ml; 10 mmole) in dry methylene chloride 
(30 ml) at 0°C. The reaction was carried out under nitrogen with 
exclusion of light. 	The mixture was stirred for 1.5 h before filtering 
off the inorganic precipitate. The filtrate was washed with sodium 
carbonate solution and the aqueous phase extracted with ether. The 
solvent was removed from the combined organic extracts under vacuum 
with gentle heating (ca. 60°C) to give an orange-brown liquid (0.32 g). 
This was shown by n.rn.r. spectroscopy to be 1-phenylazoprop-2-ene. 
Attempted Preparation of N-(N'-Benzylanilino)S,S-Dirnethylsulphilimide.-
Lead tetra-acetate (4.91 g; 11 inmole) was added in small portions to 
a stirred mixture of 1-benzyl-1-phenylhydrazine (1.99 g; 10 mmole) and 
dimethylsuiphide (6.5 ml; 10 mmole) in dry methylene chloride (45 ml) 
at 0°C. Again the reaction was carried out under nitrogen in the dark. 
The mixture was stirred for 2 h and the product was isolated as described 
above. After washing with aqueous sodium bicarbonate solution followed 
by evaporation of the solvent, an orange-brown solid (1.91 g) was obtained 
whose n.m.r. spectrum showed, in addition to the signals attributable 
to the tetrazene, a doublet at 	2.18 p.p.m. (J=9Hz) and singlets at 
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4.35, 5.15 and 5.20 p.p.m. 	The ratio of the integration of the benzylic 
protons of the tetrazene to that of the doublet signal was 16:6. The 
solid was recrystallised from ethanol (m.p. 143144
0C; 52% recovery) and 
was identified as 1,4-dibenzyl-1,4-diphenyltetraz-2-ene (i.it•168 m. P 
145°C) ; We 392 (P) , 364, 362, 273, 271, 183 (B) . 	The ethanolic 
mother liquor was concentrated to give a brown oil whose n.m.r. sectrum 
(Cd 4) was very similar to those of the products of the early oxidations 
of 1-benzyl-l-phenylhydrazine using yellow mercuric oxide. 
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Oxidation of 1-Alkyl-l-Phenylhydrazines with Cupric Chloride: Attempted 
Preparation of 'Copper (I 'Complexes 'of l-Alkyl-l-Phenyldiazenes. 
The method employed was that of Boehm .'et al.35 who reported the 
oxidation of 1,1 -dime thyihydrazine by cupric chloride and the isolation 
of a complex of 1,1-dimethyldiazene. Before examining the oxidation of 
l-alkyl-l-phenylhydrazines, this work was repeated. 
Oxidation of 1,1-Dimethyihydrazine by Cupric Chloride.- The reported 
experimental procedure was followed exactly and the product was isolated 
as a deep-purple solid, m.p. 75-80 °C. The reaction proceeded exactly 
as described and the infra-red spectrum of the product was in complete 
agreement with the reported data. As reported the complex was found to 
decompose rapidly in air, and was therefore stored under vacuum. 
The isolation of tetramethyltetraz-2-ene by successive treatment of the 
complex with 6 M hydrochloric acid and 15 M aqueous ammonia, was achieved 
in 25% yield using the reported method. Tetraniethyltetraz-2-ene was 
identified by comparison of the n.m.r. spectrum of the product with that 
of an authentic sample of the tetrazene which was prepared by oxidation of 
179 
1,1-dimethyihydrazine 	[72%; tS 2.8 p.p.m. (s)]. 	A control experiment 
showed that tetramethyltetraz-2-ene was completely decomposed when treated 
with 6 M hydrochloric acid (as used in the decomposition of the complex). 
The complex was examined by mass spectrometry; the parent peak (nile 
413) was not observed. The spectrum was recorded at several temperatures 
and the following peaks (inter alia) were observed: 
800C 	ni/e 144 (v.w.), 142 (v.w.), 128, 72 (B), 71,, 59, 58. 
1000C nile 198 (v.w) , 186 (v.w) , 144 (w), 142 (w) , 128, 116 (B), 
101, 81, 71(w), 59, 58. 
140°C ni/e 226, 224 (v.w) 198 (w), 186 (v.w), 128, 116 1 59 (B), 58 M. 
1600 	ni/e 186 (v.w) , 101 (w), 95 (w), 81 (v.w), 77 (v. w) 
The appearance of these spectra suggested that extensive decomposition 
and rearrangement was occurring in the spectrometer. 
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All other observations agreed with the reported information and 
supported the conclusions made by the authors. 	 - 
Oxidation of 1-Benzyl-1-Phenylhydrazine with Cupric Chloride.- All solutions 
were cooled in an ice-salt bath before mixing. A solution of the hydra-
zine (4.03 g; 22.3 mmole) in 5% aqueous hydrochloric acid (200 ml) was 
filtered to remove the small amount of precipitated hydrochloride before 
adding a solution of 'Analar' cupric chloride (7.27 g; 42.6 mmole) in 
water (31 ml), in one poItion. The turquoise solution was stirred and 
saturated aqueous sodium acetate solution was added dropwise to bring the 
pH to 4. The rust-brown precipitate was collected by suction filtration 
and washed with 25 ml portions of water, methanol and ether. Efficient 
drying by suction filtration proved impossible; the moist brown cake of 
material was dried under vacuum over phosphoric oxide. The product was 
obtained as a mustard brown powder (6.27 g), m.p. 132-134 °C (decoxnp); 
' 	
(nujol) 3060 (w), 1600 (m), 1590 (w), 1495 (s), 1428 (s),.1345 (m), 
max.  
1235 (m), 1160 (m), 1080 (m), 1035 (m), 1020 (m), 1000 (v.w), 920 (m), 
835 (w), 785 (s), 765 (s), 735 (s), 700 (s), 640 (w) cm 1 ; m/e, 130°C 
(inter alia) 364 (w), 362 (w), 286, 195, 183, 106, 105, 91 (B). 	The 
presence of copper in the product was demonstrated by heating a sample 
of the brown powder in an ignition tube: a film of copper formed on the 
wall of the tube. 
After standing in a sealed container for several months, the brown 
solid had decomposed to give a moist brown cake of material which 
smelled of benzaldehyde. 
Decomposition of the Copper Complex.- The brown solid (5.28 g) was stirred with 
• 6 M hydrochloric acid (100 ml) cooled in an ice-salt bath. The material 
proved to be only slightly soluble and the undissolved solid was removed by 
filtration through celite. The brown residue had the characteristic odour 
of benzaldehyde. The pale-green filtrate was basified to pH 10 with 
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15 M ammonia solution keeping the temperature below 5 °C. This gave a 
brown precipitate and a rust-brown aqueous phase. Repeated extraction 
of this mixture with ether (4 x 100 ml) gave, after removal of the 
solvent, a red brown gum (0.24 g) which contained some crystalline 
material and had the characteristic odour of benzaldehyde. The n.m.r. 
spectrum of this gum suggested the presence of benzaldehyde, N-benzyl-
aniline and 1,4-dibenzyl-1,47diphenyltetraz-2-ene. This was confirmed 
by adding an authentic sample of each in turn to the n.m.r. solution: 
no new signals appeared and the expected signal enhancements were observed. 
T.1.c. (silica/benzene) showed the gum to be a mixture of six components. 
The leading four spots were also observed when the product of treating a 
solution of the tetrazene in chloroform with 6 M hydrochloric acid, was 
examined by t.l.c. (silica/benzene). 
The product from the decomposed complex suggested that its constitution 
was not analogous to that of the reported complex of 1,1-dimethyldiazene. 
Oxidation of l-Allyl-l-Phenylhydrazine with Cupric Chloride.- All solutions 
were cooled in an ice-salt bath before mixing. 	A solution of 'Analar' 
cupric chloride (4.82 g; 35.8 mmole) in water (20 ml) was added in one 
portion to a stirred solution of 1-allyl-1-phenylhydrazine (2.41 g; 
17.9 mmole) in 5% hydrochloric acid. 	A saturated aqueous sodium acetate 
solution was added in small portions keeping the temperature of the mixture 
at -2
0
C. The pH of the mixture, monitored using a pH meter, was raised 
to 4.25, at which point the addition was stopped. A brown precipitate 
was isolated and dried as described above to give a rust-brown powder 
(4.00 g) which was examined after minimal exposure to the atmosphere, 
m.p. 65-690C; v 	(nujol) 3250 (rn), 3150 (w), 1595 (s), 1490 (s) 
1260 M, 1225 M, 1155 M, 1130 (w) , 1070 (w), 1030 (m), 990 (w) 
930 (broad, m), 760 (s), 695 (s) cm 1 ; m/e (inter alia) 
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Ci) 700C 292 (v.w)., 264 (v.w), 223 (v.w), 148, 146, 107, 105, 77 (B). 
150°C 292 Cv.w), 264, 223, 148, 146, 133 1  108, 107, 106. 
150+°C 334 M, 264, 223. 
Though not evident from the mass spectrum, the presence of copper in the 
product was demonstrated as above, by heating a;..sample in an ignition tube. 
The copper content, estimated by iodometric titration according to the 
method of Rezintskaya and Burtseva145 was found to be 23.5 + 0.03%. 
An attempt was made to obtain an X-ray diffraction photograph on 
a powdered sample of the complex, but the results showed that the material 
was non-crystalline. 
After standing for several weeks in a sealed container, the complex had 
decomposed to give a brown solid mass. 
Decomposition of the Copper Complex.- The brown solid (2.00 g) was stirred 
with 3 M hydrochloric acid (100 ml) at 0°C. The dark brown solution was 
filtered to remove undissolved material; the residue formed a blue-black 
tar after standing in air. The filtrate was basified with 5 M ammonia 
solution and developed a deep blue colour. Repeated ether extraction 
gave a brown oil (0.47 g), after removal of the solvent. 	The n.m.r. 
spectrum (Cd 4 ) of this oil indicated the product to be a mixture. 
A broad multiplet was observed in the aromatic region (5 6.3-7.6 p.p.m.) 
and the signals of the allyl moiety were also observed. 	In particular 
two multiplets, in similar position and of similar pattern to those 
attributed to the allyl protons (-CH 2-CH=CH 2 ) in allyl compounds were 
observed at 6 3.65-3.8 and 3.85-4.05 p.p.m. with an integral ratio of 
ca. 1:2. 	A singlet was observed at 6 3.48 p.p.m. 
T.l.c. (alumina/benzene) showed four components, and dry column chromato-
graphy (alumina, 42 cm x 3 cm/benzene) gave five overlapping bands. These 
were Ci) a dark-brown band at the origin, (ii) a diffuse orange-yellow band, 
(iii) a pink band, (iv) a bright yellow band and (v) a fawn-coloured 
leading band. Each band was isolated and the total recovery of material 
-226- 
was 64%. 	Band (iv) gave a mobile red-brown liquid (0.12 g); the other 
bands gave red-brown gums, (i) 0.09 g; (ii) 0.02 g; (iii) 0.65 g and 
(v) 0.02 g. 
The infra-red spectrum of the liquid from band (iv) was quite similar 
to that of N-allylaniline (see p. 124). Two absorptions were seen in the 
N-H region: v 	3415 (s) and 3315 (w) cm 1 . 	Its n.m.r. spectrum broadly 
resembled that of N-allylaniline although it did show additional weak 
signals at 6 2.0 (d), 2.4-2.7 (m) and 3.1 p.p.m. (d). 	The spectrum 
differed from that of the crude product of the decomposed complex, in 
that only one multiplet signal attributable to -CH 2-CH=CH2 was observed 
(S 3.68-3.82 p.p.m.). 	A much smaller multiplet was observed at higher 
frequency (53.9-4.2 p.p.m.) but this was thought to be due in part to 
spinning side bands. 	T.l.c. (alumina/benzene) seemed to confirm the 
presence of N-allylaniline. The liquid was examined by wet column 
chromatography (alumina, 8 cm x 0.4 cm/carbon tetrachloride) ; a purple 
band was observed at the top of the column, and the same series of 
overlapping coloured bands as seen in the original column, was obtained. 
The orange-yellow band was collected and the n.m.r. spectrum of this 
solution was recorded immediately. The spectrum was virtually identical 
to that of the liquid prior to wet column chromatography. This 
suggested that the liquid contained at least one species which decomposed 
on chromatographing. 
The n.m.r. spectra of the gums recovered from bands (i), (ii), (iii), 
and (v) of the dry column were poorly resolved and gave no meaningful 
information. 
The complex and its decomposition product(s) were not examined 
further. 
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